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Abbreviations and Symbols 


CRS. 


Csk. 


across flats 
aluminum 


bolt circle 
bedroom 
bearing 


Celsius 
counterbore 
cast iron 

closet 
centimetre(s) 
concrete 
cold-rolled steel 
Cap screw 
countersink 


down 
deep 


flat head 
height 
hexagon 


horizontal ground plane line. 


horizon line 
hot-rolled steel 


inside diameter 
insulation 
International Organization 


for Standardization 


length 

large diameter 
long 

left hand 

left side 

left vanishing point 


Neop. 
No. 


CHE: 
O.D. 


PPL 


PE 


R, Rad. 
Refrig. 
rev/min 
R.H. 
RVP 
R/Side 


| | | | fol | fl ae ies ee SBS Se 


metre(s) 

Metric 

mechanical advantage 
major 

material 

maximum 

millimetre(s) 

maximum material condition 


neoprene 
number 


on centre 
outside diameter 


picture plane line 
point 


radius 

refrigerator 
revolutions per minute 
right hand 

right vanishing point 
right side 


Society of Automotive Engineers 
small diameter 

spottace 

socket head 

station point 

specitied 

standard 

steel 


vanishing point 
width 


diameter 
pi = 3.1416 
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Fundamentals of Technical Drawing is a new revised 
edition of Introduction to Technical Drawing that con- 
forms to Canadian metric standards and current industrial 
drafting practices. The revised edition continues to empha- 
size the principal purpose of previous editions—to make 
the learning of technical drawing interesting and meaning- 
ful. 


This new edition includes the following features: 

e The addition of three new chapters —Welding Drawings, 
Tapers, and Careers and Opportunities. 

e The complete reworking and updating of all existing 
chapters, with major changes and additions to the 
chapters on Detail Working-Drawings and the Elements 
of Mechanical Manufacturing, Size Tolerancing, Pictorial 
Drawing, and Architectural Drawing. 

e the division of Screw Threads and Screw-Thread 
Fasteners into two chapters. 

e The reorganization of every chapter into teaching/learning 
units, each of which includes a number of review ques- 
tions. 

e The addition of realistic blueprint reading problems to 
selected chapters. 

e The inclusion of many new drawing problems, several of 
which have been designed for P-2 sheets. 

e The increased use of problem solving, combined with a 
high degree of industrial realism, in the drawing assign- 
ments. 


It is hoped that students and teachers will find that Funda- 
mentals of Technical Drawing adds a new and welcome 
dimension to the drafting classroom. 


NORMAN STIRLING 
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A NOTE REGARDING DRAWING SHEET SIZES 


In Canada the standard for drawing sheet sizes is the P 
series. | 


The four common sizes are shown in the table below: 


P Series Trim Size (mm) Old Series 
P1 560 x 860 D 
P2 430 x 560 C 
P3 280 x 430 B 
P4 215 x 280 A 


Drawings for use in North America are prepared on P-size 
sheets. Drawings for use in Europe and most other parts of 
the world are prepared on the international metric A Series 
sheets, whose outer dimensions are slightly different from 
those of the P Series. All drawing problems in the text have 
been designed for P-size sheets. 


viii 








Chapter | gives you a general idea of what technical draw- 
ing consists of and how it relates to the world of industry. 
Some of the terms and principles introduced are dealt with 
in greater detail later in the text. 


UNIT | 


Drawing is a basic form of visual communication. As such, it 
is used a great deal, and in many different ways, to record 
the objects and events of everyday life. It does this in a 
manner that makes them easy for people to relate to and 
understand. 

There are two major types of drawing: artistic and techni- 
Cal. 





| FIG. I: ARTISTIC DRAWINGS PRESENT THINGS REALISTICALLY. THEY ARE NOT 
CONCERNED WITH THE DETAILS OF SHAPE OR CONSTRUCTION. 








Artistic Drawing 





Artistic drawing is the older and more widely used of the 
two types of drawing. Essentially, it is a form of freehand 
representation that makes use of pictures to provide realis- 
tic impressions of objects or events. 

To make pictures more realistic, artistic drawing fre- 
quently makes use of shading and color. Artistic drawings 
are not used as plans for manufacturing or building pur- 
poses. Because of this, they are not usually concerned with 
the details of the shape or construction of the things they 
portray. 

Artistic drawings of a house and a car are shown in Figure 
I:|. These single-view pictures provide a general impres- 
sion of the house and of the car. They also portray them 
naturally, that is, ina way that you would normally expect to 
see or view them in real life. 


Technical drawing is a precise and specialized method of 
describing the shapes of objects. For this reason, it is used 
to record and transmit technical information concerning the 
construction details of machines, buildings, and any other 
things that have to be built or manufactured. 

Like artistic drawing, technical drawing makes use of 
pictures to convey information visually. The pictures, or 
views as they are called, are usually line drawings that have 
been prepared with mathematical drawing instruments, 
rather than freehand. Except in very special instances, the 
use of shading and color to achieve artistic realism is 
avoided. 

The major difference between artistic and technical 
drawing is in the degree of emphasis that each places on 
shape description. As already mentioned, artistic drawing is 
not primarily concerned with the details of the shape, form, 
or construction of objects. In technical drawing, on the 
other hand, these aspects of objects are of the greatest 
importance. In fact, the most important function of techni- 
cal drawing is to provide precise and complete descriptions 
of the shape details of objects. Nothing is left to the imagi- 
nation or judgment of the individuals who view them. 

Figure 1:2 is a technical drawing which shows the 
features of an airplane. It is a line drawing that has been 
prepared with mathematical drawing instruments. 

Note that more than one view has been used in order to 
provide an exact and complete shape description of the 
airplane. Note also that each view shows only one side of 
the airplane. You are looking at each side directly, and in a 
way that you would not normally expect to view it in real 
life. Examination of the top, or plan view, shows that it is 








divided along the centre of the fuselage in order to describe 
the upper and lower surfaces of the aircraft. 





| FIG. 1:2. TECHNICAL DRAWINGS DESCRIBE THE SHAPES OF OBJECTS EXACTLY. TO 
DO SO, IT IS NECESSARY TG MAKE USE OF TWO OR MORE VIEWS. 


REVIEW QUESTIONS 
1. What is meant by the term “‘visual com- 6. Artistic drawings usually make use of 
munication’? single views to portray scenes or objects. 


Why does the technical drawing of the air- 
plane in Figure 1:2 provide more than one 
view? 


2: Drawing is one means of communicating 
visually. Name two others. 


3. List several ways in which artistic and 
7. Suppose that you had to design some- 


technical drawings differ. 
. thing. What, essentially, would you be 
4. Technical drawings make use of more required to do? 


than one picture to describe the shape of 
an object. What are the individual pictures 
called? 


5. What is the main difference between an 
artistic drawing and a technical drawing? 


UNIT 2 


Artistic drawing makes extensive use of pictorial views. A 
pictorial view is a three-dimensional view. It shows the 
three overall dimensions of an object (length, width, and 
height) simultaneously. 

Figure 1:3 is a pictorial view of a simple bracket. The 
pictorial view shows the bracket in a position in which a 
person might actually expect to see it. As such, it provides a 
general impression of the shape of the bracket. It also 
allows the observer to see three of its sides as well as its 
three overall dimensions. An exact and complete shape 
description, however, is lacking. This is particularly true of 
the slot in the rear face. Note the use of shading to promote 
three-dimensional realism. 





| FIG. 1:3 A PICTORIAL VIEW IS A THREE-DIMENSIONAL VIEW. 


_Orthographic Views: 


Technical drawing uses orthographic views, rather than pic- 
torial views, to describe the shape details of objects. 

An orthographic view is a two-dimensional view. It 
shows only one side of an object and, therefore, only two of 
its three overall dimensions. Consequently, it requires at 
least two orthographic views to show the three overall 
dimensions of an object and to describe its shape exactly 
and completely. | 

Figure |:4 shows how the shape of the bracket in Figure 
I:3 can be described exactly and completely with three 
orthographic views. Note that all hidden features are repre- 
sented by broken lines, which are called hidden lines. Note 
also that each orthographic view shows only two of the 
three overall dimensions of the bracket. 


BFIG. 1:4 ORTHOGRAPHIC VIEWS ARE USED IN 
TECHNICAL DRAWING TO DESCRIBE 
| THE SHAPES OF OBJECTS 

EXACTLY AND COMPLETELY. 





REVIEW QUESTIONS 
|. List several ways in which pictorial views 4.Why do orthographic views make use of 
differ from orthographic views. hidden lines? 
2.Why is it essential to use at least two 5, Place a piece of paper over the upper view 
orthographic views of an object in order to in Figure 1:4. What shape details of the 
describe its shape? 3 bracket do the remaining views fail to 
3. How do three-dimensional views differ describe? Do the same with the view on 


from two-dimensional views? the right. 


UNIT 3 
_The Need for Technical Drawings _ 





. Technical drawings are used as guides to build or manufac- 
| ture things. The use of technical drawings to record and 
. transmit information eliminates any guesswork for those 
. who use them. The drawings provide an exact and com- 
plete description and record of what has to be done. In this 
way mistakes and misunderstandings are avoided. | 

Working without technical drawings would, of course, be 
a very difficult, inefficient, and, in most cases, impossible 
way of trying to build or manufacture anything. 

Figure |:6 shows a typical industrial-type technical draw- 
ing of a machine part. An examination of the drawing shows 
how impractical it would be to try to manufacture the 
handwheel without the precise, clear, and convenient form 

| of information that the drawing provides. a 
| Note that the shape of the handwheel is described by ""*'* JECUipeSFORBUILDINGOR 
using orthographic views. Note also that the drawing pro- MANUFACTURING PURPOSES. 
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FIG. 1:6 TECHNICAL DRAWING OF A MACHINE PART 





FIG. 1:7, MOST OF THE THINGS WE USE EVERY DAY COULD NOT BE BUILT OR 


MANUFACTURED WITHOUT TECHNICAL DRAWINGS. 


vides all the information one needs to know about the 
handwheel. It leaves nothing in doubt or requiring further 
explanation. To achieve this by means of oral or written 
instructions would be very difficult, if at all possible. 

Imagine how much more difficult it would be to build or 
manufacture more complex things. Without technical draw- 
ings, we could not build houses, automobiles, airplanes, 
bridges, or bicycles. Nor could we manufacture the many 
other types of useful mechanical and electrical devices that 
are part of modern living. 





REVIEW QUESTIONS 
1. Why would it be napeacicae to 4 to > build (c) What kind of thread does the 
or manufacture things without technical handwheel have? Is it a right-hand 
drawings? thread ora left-hand thread? | 
2. In addition to shape description, list two (d) What is the ee of the outer rim 
other important items of information that of the handwheel: 
technical drawings of machine parts pro- 4, List some reasons why written and oral 
vide. instructions are unsuitable for describing 
3. Refer to the handwheel in Figure |:6 and items that must be built or manufactured? 


answer the following questions: 
(a) What material is it made of? 
(b) What is the thickness of each spoke? 


UNIT 4 


In addition to orthographic views, technical drawings make 
use of many special lines, symbols, and conventions to 
transmit technical information clearly and precisely. 

In order to understand and interpret technical drawings 
correctly, you must be familiar with the fundamentals that 
form the basis of technical drawing. It is the purpose of this 
text to introduce and acquaint you with these fundamen- 
tals. In doing so, it will introduce you to a highly specialized 
language. This language is often called ‘‘the language of 
industry’. 


| Mechanical Drawings a 





Technical drawings are oats with the use of Laenne 
instruments. For this reason, they are frequently called 
mechanical drawings. Skill, care, and accuracy are essential 
in the use of these instruments to prepare technical draw- 
ings. Artistic talent, however, is not required. 





FIG. 1:8 INSTRUMENTS ARE USED TO PREPARE TECHNICAL DRAWINGS. 


Technical Drawing in Industry 





Companies employ engineers and drafting personnel to 
design their products and to prepare the necessary techni- 
cal drawings (plans) needed to manufacture them. This may 
also include technical drawings of equipment needed to 
manufacture a product. Design work and the preparation of 
technical drawings is usually carried out in a centralized 
department. This is commonly referred to as the drafting 





FIG. 1:9 AMODERN INDUSTRIAL DRAFTING OFFICE 
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office or the engineering department. Between five and five 

hundred people could be employed here, depending on the 

product to be built or manufactured. 

The drafting office is a very important part of any manu- 

| facturing operation. It is responsible for issuing the work- 

ing-drawings with the necessary instructions and specifica- | 
tions that other departments and individuals use to convert 


raw materials into finished products. 


Computer Drafting 





In recent years, computer drafting has been adopted by 
many manufacturing organizations as an important addition 
to their drafting departments. In computer drafting, or com- 
puter-assisted drafting as it is commonly called, technical 
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FIG. I:10 THE ELEMENTS OF A COMPUTER DRAFTING SYSTEM 





drawings are prepared electronically. The use of a computer 
eliminates all of the manual drawing operations that are 
required in the preparation of technical drawings, which 
saves a great deal of time. | 

Figure |: 10 shows the five basic elements of a computer 
drafting system. Although for convenience they are shown 
together in Figure |:10, the input terminal and the reference 
desk are usually located in a separate room adjacent to the 
drafting or engineering office. 

A draftsperson or designer sits at the computer input 
terminal. By means of signals transmitted through the key- 
board, the elements of a technical drawing are simultane- 
ously constructed on the viewing screen and recorded on a 
magnetic disc or tape. To obtain an original drawing, the 
disc or tape is mounted in the central processing unit and a 
sheet of drawing paper is located on the surface of the 
plotter. The arm of the plotter, which is equipped with a 
special inking pen, is guided electronically by the central 
processing unit and provides a completed drawing within 
minutes. 

In addition to the special training that is needed to oper- 
ate the input terminal, the draftsperson using the computer 
must have a thorough training in the manual preparation of 
technical drawings. Computer drafting does not replace 
draftspersons or designers. It is actually a tool that extends 
their capabilities. As such, it enables them to spend their 
time on the more important aspects of technical drawing 
rather than on time-consuming, repetitive, and non-produc- 
tive operations. 


EVE SMES UNS: 


i. Why can.technical drawing be compared 
to a language? 


2. Why is artistic talent not essential in the 
preparation of technical drawings? 


3. What department of a company is respon- 
sible for the preparation of the technical 
drawings of its product? 


4, Most artistic drawings are not mechanical 
drawings. Why? — 


5. Why do companies that build or manufac- 
ture things prepare technical drawings of 
their products? 


6. Computer drafting eliminates all the man- 


ual operations that are associated with the 
preparation of technical drawings, such as 
erasing. Name two additional operations 
that you think would be eliminated. Refer 
to Figure |:6 for possible assistance. 














Basic Instruments 


There are numerous types and styles of technical drawing 
instruments. Many of these are illustrated and discussed 
throughout the text as the need arises. The drawing instru- 
ments and related pieces of equipment introduced in this 
chapter are those that you will be required to use during the 
early stages of a technical drawing course. 


UNIT | 
_l-Square 


The T-square is one of the oldest drawing instruments. 
Although it has been replaced, in many instances, by draft- 
ing machines and parallel rules, it still finds widespread use 
in both industry and schools. The size of a T-square is 
determined by its blade length. Lengths of 60, 90, 120, and 
[50 cm are common. 


LENGTH ' 





FIG. 2:1 T-SQUARE 


The T-square is used primarily as a guide for drawing 
horizontal parallel lines. Figure 2:2 shows the correct way 
to do this. The T-square can also be used as a guide for 
drawing inclined lines, as shown in Figure 2:3. 





Dhan ce Oot al 


|. RIGHT-HANDED STUDENT 2. LEFT-HANDED STUDENT 


| FIG. 2:2 USING THE T-SQUARE TO DRAW HORIZONTAL LINES 


|. RIGHT-HANDED STUDENT 2. LEFT-HANDED STUDENT 





| FIG.2:3 DRAWING INCLINED LINES WITH THE T-SQUARE 


ParallelRule 





A parallel rule is a straightedge that is permanently 
mounted on a drawing board or drafting table by means of 
pulleys and guide ropes. Once a parallel rule is installed, 
horizontal parallel lines can be drawn quickly and with a 
mininum of effort. | 







FIG.2:4 DRAWING BOARD WITH PARALLEL RULE 





set Squares 













Set squares are transparent, triangular-shaped drawing 
instruments. They are used with either a T-square or a 
parallel rule for drawing vertical or inclined lines. They con- 
tain the angles most commonly used in technical drawing. 

Set squares are specified in terms of their angles and 
their heights, as shown in Figure 2:5. Heights of 15, 20, and 


HEIGHT 
HEIGHT 


2. 30° SET SQUARE 









| |. RIGHT-HANDED STUDENT 


i |. 45° SET SQUARE 






FIG. 2:5 SET SQUARES 






2. LEFT-HANDED STUDENT 


FIG. 2:6 USING ASET SQUARE 







| FIG. 2:7 TO OBTAIN STANDARD ANGLES WITH THE SET SQUARES 











Drafting Machine 





A drafting machine is a device with two scales set at right 
angles to each other. It can be moved easily and quickly to 
any location on a drawing surface without altering the rela- 
tive horizontal and vertical positions of the scales. The 
edges of the scales are used for measuring as well as for 
drawing. Examples of drafting machines are shown in Fig- 
ures 2:8, 2:9, and 2:10. 





FIG. 2:8 TYPE OF DRAFTING MACHINE 
USED IN MANY SCHOOLS 


FIG 2:9 TYPICAL INDUSTRIAL-TYPE DRAFTING 
TABLE AND MACHINE 





FIG. 2:10 DRAFTING MACHINES ARE WIDELY USED IN INDUSTRY. 
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REVIEW QUESTIONS 





|. Explain the meaning of the following 4, What basic drafting instruments are incor- 
terms: porated in a drafting machine? 
(a) 15 cm 60° set square. 
(b) 120 cm T-square 


2. How do T-squares and parallel rules differ? 


3. List all of the angles one can draw with a 
T-square and both set squares, either sin- 
gly or in combination. 


.5. Suggest why drafting machines are widely 
used in industry. 


UNIT 2 
The Scale - 


The scale is a measuring instrument. It should not be used 
as a straightedge to draw lines. Scales are available in both 
flat and triangular styles. The triangular style is the one 
most commonly used in schools. Several examples are 
| shown in Figure 2: |]. 









FIG. 2:11 EXAMPLES OF METRIC SCALES 


The full-size measuring edge on a triangular scale can be 
located by rotating the scale until the figure |:| appears in 


I5 





the upper left-hand corner. See Figure 2:12. The measuring 
edge is part of a metre. Each numbered division is a cen- 
timetre. Each centimetre is divided into ten parts. Each is a 
millimetre in length. Note that the full-size scale is 30 cm 
long (300 mm). 

The triangular scale can be used to prepare technical 
drawings full size or to a variety of reduced or enlarged 
sizes. At this point only the full-size scale will be dealt with. 
The full-size scale is used to prepare drawings that have 
views the same size as the objects drawn. When a drawing 
is prepared full size the scale is recorded on the drawing as 
Scale |:| (read as ‘‘one to one’’). This indicates that one unit 
on the drawing is equal to one unit of the actual object. 





FIG. 2:12 THE FULL-SIZE MEASURING EDGE 


The units of measurement on metric technical drawings 
are assumed to be millimetres unless it is indicated other- 
wise. On the North American continent it is standard draft- 
ing practice to display the note DIMENSIONS ARE IN MILLI- 
METRES. This helps to avoid any confusion with technical 
drawings prepared in inches. 


USE OF THE SCALE 
1. Keep your pencil sharp in order to make accurate meas- 
urements. 


2. Measure accurately, within half a millimetre. 


3. Make measurements along existing lines where possible. 


4, Use light, inconspicuous marks to record measurements 
on the drawing paper. 


5. Do not use the scale as a straightedge to draw lines. 


Figure 2:13 shows the correct use of a triangular scale. 
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| FIG. 2:13 USING THE TRIANGULAR SCALE | 


Wooden Drawing Pencils 


Figure 2:14 shows some different makes of wooden draw- 
ing pencils. Note that none have erasers. 





FIG. 2:14 WOODEN DRAWING PENCILS 


A great deal of erasing is done in technical drawing. For 
this reason, the small erasers of the type usually found on 
wooden pencils would last only a short period of time. | 
Besides, erasers attached to pencils can be awkward and WW 
time-consuming to use. Large separate erasers, are preferr | “\ 
red for use in school drafting classrooms and industrial oa, ak! ES Bt Se oe 
drafting offices. | | HARD RANGE 


FOR ACCURATE 
LAYOUT WORK 





| To sharpen a wooden drawing pencil 





|. PENCIL AS IT COMES FROM 2. SHARPEN THE LEAD TO ALONG, 
A DRAFTING PENCIL SHARPENER. TAPERING POINT. 
LEAD IS EXPOSED AND UNPOINTED 






PIERS 
3H 2H H F HB B 


MEDIUM RANGE 


FOR GENERAL DRAWING 
AND SKETCHING 


2B 3B 4B 5B 6B 





3. ALONG, TAPERING POINTPRODUCES — 4. AVOID DULL, STUBBY POINTS. SOFT RANGE 


CLEAN, SHARP LINES. POOR LINEWORK RESULTS. USED ALMOST EXCLUSIVELY 
A FOR ARTWORK 
FIG. 2:15 GRADES OF WOODEN 


DRAWING PENCILS 













Y FIG. 2:16 








Figure 2:15 shows the various grades of wooden drawing 
pencils and indicates how the diameters of the leads 
increase as the hardness decreases. The grade of a 
wooden drawing pencil is stamped on one end of the pen- 
cil. Always sharpen the end opposite to the one that indi- 
cates the grade of the pencil. This ensures that the grade of 
the pencil can always be identified. 


Lead Holders 


Lead holders, sometimes called mechanical drawing pen- 
cils, are simple and efficient drawing aids that consist of an 
outer case and a set of gripping jaws. Leads can be 
adjusted or replaced in these holders easily and quickly. 
Examples of lead holders and the leads used in them are 
shown in Figures 2:17 and 2:18. 

Lead holders make it possible to use leads to shorter 
lengths than do wooden drawing pencils. They also provide 
a full gripping. surface regardless of the length of the lead. 
The lead in a lead holder can be sharpened on a sanding 
pad, as shown in Figure 2:16 or by means of a mechanical. 
pencil pointer, as shown in Figure 2:19. The correct way to 


hold a pencil to draw lines is shown in Figures 2:20 and 
2:2). 





FIG. 2:18 PACKAGED LEADS FOR USE 
IN LEAD HOLDERS 





FIG. 2:19 MECHANICAL PENCIL POINTERS 
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FIG. 2:17, LEAD HOLDERS 











{ 
‘ 
4 


TO KEEP THE POINT 
SHARP ROTATE THE PENCIL 
' AS YOU DRAW. 


|. DRAWING HORIZONTAL LINES 


| FIG. 2:20 USING THE PENCIL 


SLIGHTLY OFF VERTICAL } 





‘ STRAIGHT 
EDGE 


DRAW IN CORNER. 


RR MAS SESS 


: FIG. 2:21 POSITION OF THE PENCIL WHEN DRAWING A LINE 





. FIG. 2:22 |. SAMPLES OF ERASERS 2. POWER ERASER 
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Erasers 
The types, sizes, and qualities of erasers used in the prepa- 
ration of technical drawings vary considerably. Erasers are 
available to suit both pencil and ink work, and the different 
types and grades of drawing stock. 

Figure 2:22 shows samples of several kinds of erasers 
and a hand-type power unit. 





An erasing shield is a thin metal or plastic instrument that 
has a number of holes of various shapes and sizes in it. It 
permits erasures to be made within confined areas of a 
drawing. In this way, lines and other information that must 
remain in place are not removed by over-erasing. An exam- 
ole of an erasing shield is shown in Figure 2:23. 


| |. ERASING SHIELD 


Care and Use of the Drafting Instru 





Compared with many other tools people use, drafting 
instruments are relatively simple and inexpensive. How- 
ever, like all tools, they should receive proper care and 
attention. 

Protect the edges of the scale, T-square, and set squares 
from damage. Keep all screws tightened or properly 
adjusted. Do not abuse your instruments by using them for 
ourposes for which they were not designed. 

Clean instruments and clean hands help to produce neat, 
clean drawings. Take the time to wash your hands before 
each drawing session. Examine your instruments periodi- 
cally, including the surface of your drawing board. Wipe it 
down with a damp cloth and a little mild detergent if it is 


2. USING THE ERASING SHIELD 
| FIG, 2:23 





dirty. 
-REVIEW QUESTIONS 
1. What is the essential difference between (a) 97.8 (b) 47.76 (c) 327.07 (d) 0.22 
a scale anda ruler? (e) 26.04 


2. If atechnical drawing is prepared full size, 
what does that mean? 

3. Interpret the following: Scale |: | 

4, What is the smallest division on the full- 
size scale? | 

5. What units of measurement are assumed 
to be used on metric technical drawings 
unless it is indicated or stated otherwise? 

6. The following dimensions must be meas- 
ured using the full-size measuring edge 
of the scale. For measuring convenience, 
suggest what each dimension should be 
rounded off to. 
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7. Which end of a wooden drawing pencil 
should be sharpened? Explain why. 

g. Why are wooden drawing pencils usually 
supplied without erasers? 

9. Arrange the following grades of drawing 
leads in order of hardness, from soft to 
hard: | 
B-4H-7B-3H-4B-9H-H- 
2B - HB 

lo. List two advantages provided by lead 
holders. 


| SINGLE-VIEW DRAWING PROBLEMS 





MAPLE LEAF 
SCALE I:1 


STOP SIGN 
SCALE 1:1 


al 





LEMS 





| SINGLE-VIEW DRAWING PROB 





HOUSE 
SCALE I:1 







85 = 30 


CENTRE OF SPINNER 
IS STARTING POINT. 8 


i 307 430° AIRPLANE 
STRIPE DETAIL SCALE [cl 
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A great deal of the information that is recorded on technical 
drawings is conveyed by means of hand-lettered dimen- 
sions, instructions, and specifications. It is essential, there- 
fore, that you establish the basis of a neat, legible lettering 
style during the early part of a technical drawing course. 
The information and suggestions outlined in this chapter 
will help you to achieve this. 


UNIT 


The lettering used on technical drawings can be applied 


mechanically or freehand and in pencil or ink. 

Companies that demand a high degree of quality and 
uniformity usually employ some mechanical means of 
applying the lettered dimensions, notes, and specifications 
to their drawings. Although there are numerous mechanical 
methods that can be used to apply lettering to technical 
drawings, freehand lettering is still the most commonly 
used method. It is fast, convenient, and inexpensive. 


| FIG. 3:1 GOTHIC NUMERALS 


| FIG. 3:2 GOTHIC LETTERS 
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The lettering used on technical drawings is called single- 
stroke, commercial gothic. It is a style of lettering that is 
very easy to read. For this reason it is one of the many 
devices used to make the information on technical draw- 
ings easy to understand. The general construction of verti- 
cal gothic numerals and letters is shown in Figures 3:1 and 
a ae 

The lettering samples shown here were formed mechan- 
ically, rather than freehand, in order to provide students 
with examples of correctly formed gothic letters and 
numerals. A lettering device similar to the one shown in 
Figure 3:3 was used for this purpose. 





FIG. 3:3 MECHANICAL LETTERING DEVICE 


Because freehand lettering is still widely used in the 
majority of industrial drafting offices, drafting students 
must learn the basic hand-lettering skills. With practice, of 
course, each person develops a personal lettering style that 
is freer and less mechanical than that of the examples 
provided in Figures 3:1 and 3:2. 


EXAMPLE OF FREEHAND LETTERING 


12 24567890 
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|. Light guide lines should always be used to ensure that 
the letters and numerals are of uniform height. Guide- 
lines also maintain the correct spacing between lines of 
lettering. To save time, it is recommended that you use a 
guide-lining device similar to the one shown in Figure 
3.0; . 







ARROW 
GUIDE LINER 
300 


| FIG.3:5 GUIDE-LINING DEVICE 


2. During the initial learning period, make a point of concen- 
trating on hand control. Endeavour to make your hand do 
what you want it to do. Your fingers are not used to the 
precise muscle movements needed for lettering; they 
have to be trained until hand control becomes effortless. 


3. Always use capital letters, except for the symbols for 
metre, centimetre, and millimetre. These require lower- 
case letters and are about one-half to two-thirds the 
height of capital letters. 


| FIG. 3:6 POSITION OF THE HAND 
| _ WHEN LETTERING 


6.0m 30 cm 250mm 





| FIG.3:7 METRIC SYMBOLS : 


4. Letter carefully. Take your time. Do not guess at the 
construction of letters and numerals. Use the examples 
in this chapter and throughout the text until you become 
familiar with their construction. 

Letters and numerals consist of single strokes and 
should be formed in the sequence outlined for each in 
Figure 3:8. 
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IL TF EAHVA 

VVIMINIK & ¥ Z 

O@C GUUD 
PRBS 
I2 3086 
QA75 


5. Make letters and numerals at least as wide as they are 
high, with individual letters of words almost touching. 
The letters W and M are often made slightly wider than 
they are high. See Figure 3:9. 





HEIGHT fant Wen) 


ALMOST TOUCHING # si 


6. Try to space the words for easy reading. A space equal to 
the width of one to two letters is recommended. See 
Ee 3:10, 


| SPACE WORDS FOR 
_EASY READING. 





7. Lines of lettering that form part of a single note should be 
spaced the same distance apart as the letters are high. 


see mane 3:4 |: 


| [EQUAL fe 
BEscee 


LEG Se 





8. Guide lines should not be erased after the lettering has 


been completed. 


REVIEW QUESTIONS 


I. Why is it important to use guide lines 
when lettering? 


2. What is the name of the lettering used on 
technical drawings? 


3. List five points to keep in mind in order to 
obtain properly formed, easily read letters 
and numerals. 


4, What is the recommended height of most 
lettering on metric drawings? 


5. Suggest why guide lines should not be 
erased after the lettering has been com- 
pleted. 
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jt ECHNICAL DRAWING IS A GRAPHIC LANGUAGE. 


ex 
. 
I9 | 
{TECHNICAL DRAWING MAKES USE OF ORTHOGRAPHIC VIEWS. 


l9 
+ sornic LETTERING IS USED ON TECHNICAL DRAWINGS. 


l9 
{_—ALWays USE CAPITAL LETTERS WHEN LETTERING. 


I9 
{ ANGLES USED IN THE DRAFTING ROOM - I5°-30°-45°- 60°— 75°- 90° 
I9 


{ space WORDS FOR EASY READING. 
I9 


{-l23 456 789 100 200 300 400 150 260 94.17 0.85 


l9 
{MILLIMETRES CENTIMETRES METRES 
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LETTERINGEXERCISENO.| = —t™S | | YOUR NAME 
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iS 
SCALE I:1 SCALE 1:2 SCALE1:5 SCALEI:I0 SCALE 50:1! 


I9 
{Press FIRMLY WHEN LETTERING. 


19 
[Aways USE GUIDE LINES WHEN LETTERING. 


TECHNICAL DRAWINGS ARE OFTEN CALLED MECHANICAL DRAWINGS. 


{——wost LETTERING ON TECHNICAL DRAWINGS IS 3mm HIGH. 
I9 


mai 0.95 160.36 29.0 555 1000 


I9 
8510 17.63 333 888 | 23 45 6 7 8 9 0 


I9 
{MAKE LETTERS AND NUMERALS AS WIDE AS THEY ARE HIGH. 
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Orthographic Drawing 





In this chapter orthographic drawing is introduced and 
applied to non-cylindrical objects and shapes. Such objects 
and shapes require only straight lines to describe them. 
This will allow you to continue to develop your skill in using 
the basic drawing instruments. It will also help you to use 


this skill directly in learning and applying the introductory - 


principles of orthographic drawing. 


UNIT | 


Generally speaking, objects can be classified as either non- 
cylindrical or cylindrical. A non-cylindrical object is one that 
has square, rectangular, or angular features. The character- 
istic shape of a cylindrical object, on the other hand, con- 
sists of one or more cylindrical features that are concentric 
about a common axis. 





Pictorial Views 


As mentioned in Chapter |, a pictorial view is a three- 
- dimensional view that provides a general impression of the 
shape and features of an object. Figure 4:2 is an example of 
this type of view. Pictorial views do not describe the shapes 
of objects exactly and completely. Because of this, they are 
used only to a limited extent in technical drawing. Note that, 
.In addition to its overall dimensions, a pictorial view shows 
three of the six sides of the object. 


f FIG.4:2 PICTORIAL VIEW 
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Orthographic Views _ 





Orthographic views are the type used in technical aedlide 
to describe the shapes of objects exactly and completely. 
Figure 4:3 shows a student looking at a non-cylindrical 
object. Her line of vision, as represented by the arrow, is 
such that she can see only the side of the object that is 
directly in front of her. The type of view that she obtains is - 
called an orthographic view. 

Note that the orthographic view is a two-dimensional 
view that shows the height and length of one side of the 
object. The third dimension, the width, cannot be seen. 


Figure 4:4 shows a student viewing the six sides of a 
non-cylindrical object one at a time. In each case his line of 
vision is such that he obtains a two-dimensional ortho- 
graphic view of the side he is looking at. The broken line in 
the left side view and in the bottom view represents a 
surface that is not visible when the object is viewed from 
those positions. 


ORTHOGRAPHIC VIEW 





TOP VIEW 


TOP | VIEW Qe] R/SIDE VIEW 


| R/SIDE | 





| VIEW 


'BOTTOM| VIEW 


REAR VIEW 


BOTTOM VIEW 





To determine the number of orthographic views to draw 
Few objects require six othographic views to describe their 
shapes exactly and completely. For many non-cylindrical 
objects, three orthographic views are sufficient. They are 
usually the front, top, and right side views. 


30 


The shapes of some non-cylindrical objects are such that 
two orthographic views will describe them adequately. The 
two views selected will depend on the shape of the object. 

It is apparent therefore that the shape of an object is 
what determines the number of orthographic views that 
must be drawn in order to describe the object exactly and 
completely. 


To determine the front view of a non-cylindrical object 
Most objects that must be described by orthographic views 
do not have a front as do cars, houses, and airplanes. There- 
fore, to determine which view of a non-cylindrical object to 
draw as the front view, apply the following rules: 


|. Select the side of the object that shows its length and 
which provides the most information about its shape. 


2. Draw the front view with the length horizontal and in a 
position that is balanced and acceptable to the eye. 








we 


FRONT VIEW 


|. DOES NOT SHOW THE LENGTH. 2. UNBALANCED POSITION. 3. UNBALANCED POSITIONS 
SHOWS THE LENGTH. 
PROVIDES LITTLE SHAPE 
DESCRIPTION. 


1 FIG.4:5 SELECTION OF THE FRONT VIEW OF A NON-CYLINDRICAL OBJECT 


The front views of most non-cylindrical objects are usu- 
ally drawn with the length in a horizontal position, as shown 
in Figure 4:5. The front. views of some _ non-cylindrical 
objects, however, appear better balanced and more accept- 
able to the eye when drawn in a vertical position, as shown 

in Figure 4:6. 





FRONT VIEW |. POOR CHOICE 2. POOR CHOICE 


Jl 





To draw three orthograhic views of a non-cylindrical 
object 

The verb “‘project’’ means to ‘throw forward’. When used 
in conjunction with the preparation of orthographic views, it 
refers to the process whereby the features of an object are 
thrown from one view to another. Projecting the features of 
an object from view to view saves drawing time by elimi- 
nating the need for duplicate measuring. 

Figure 4:7 shows the formal method of drawing three 
views of a non-cylindrical object. In actual practice, how- 
ever, the contours of the top view are not projected around 
the 45° line. Instead, the right side view is constructed by 
means of measurement and projection from the front view. 





STEP BLOCK 


ANY DISTANCE | 





|. LIGHTLY CONSTRUCT THE 2. LIGHTLY CONSTRUCT THE TOP VIEW 3. PROJECT THE FEATURES OF THE 
FRONT VIEW. DIRECTLY OVER THE FRONT VIEW. FRONT VIEW TO THE RIGHT OF THE 
EXTEND THE LOWER SIDE OF THE VERTICAL LINE. DRAW A LINE AT 45° 
TOP VIEW TO INTERSECT A VERTICAL FROM THE POINT OF INTERSECTION, 
LINE DRAWN TO THE RIGHT OF THE AS SHOWN. 
FRONT VIEW. 





4, PROJECT THE CONTOURS OF THE TOP VIEW TO 5. ERASE ALL UNNECESSARY LINES. COMPLETE 
THE 45° LINE. THEN PROJECT THE CONTOURS THE FINISHED LINEWORK TO OBTAIN THE 
VERTICALLY TO CONSTRUCT THE RIGHT SIDE REQUIRED ORTHOGRAPHIC VIEWS. 

VIEW. 


| FIG. 4:7 | 
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What are the essential 





differences 


between pictorial and orthographic views? always shown in the front view? 
2. Why is it necessary to draw at least two 6. Define the following terms: 
orthographic views of an object? (a) non-cylindrical object 
3. Is the following statement correct or incor- (b) cylindrical object 
rect? Explain why. (c) project (verb) | 
“A pictorial view shows three views of (d) three-dimensional view 


an object.” 


4, Of the six orthographic views that can be 
drawn of any object, which one is consid- 
ered to be the most important? 


UNIT 2 
A variety of lines are used on technical drawings in order to 
convey precise information about the objects drawn. 

The following basic lines are introduced in this chapter. 


I. Construction lines —thin light lines used to construct 
ee the orthographic views of an 
object. They can be erased eas- 
ily and quickly as required. 
2. Projection lines —construction lines that are used 
ee to project the features of 
objects from one view to 
another. They eliminate the 
need for duplicate measuring. 


3. Object lines —thick black lines used to indicate 
the visible features of an object. 
4, Hidden lines — thin black lines consisting of 3 to 


—_-—— —— 4mm long strokes and | to 
2mm spaces. Used to indicate 
the hidden features of an object. 


1. AS a general rule, each end of a hidden line should touch 





5. What overall dimension of an object is 








an object line or another hidden line, as in Figure 4:8. 
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2. A hidden line should not touch an object line when the 
hidden line is an extension of the surface that the object 
line represents. See Figure 4:9. 


SPACE HERE | 


2. POOR PRACTICE 





FIG. 4:10 


3. The strokes of parallel hidden lines that are relatively 
close together should be staggered. See Figure 4: I0. 


4. Corners formed by hidden lines must be closed. See 
Figure 4:11. 


3. POOR PRACTICE 





| FIG. 4:11 


The ability to make freehand sketches is an important aid to 


drafters and designers. Sketching provides a quick way to 
express and develop ideas about machines and structures 
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before the instrumental drawings that are required for man- 
ufacturing purposes are prepared. Beginning with two of 
the review questions in this unit, and in several other places 
in the text, you are required to do some freehand sketching. 
This will give you the opportunity to develop your freehand 
sketching skill. 

lt is suggested that the first attemps at freehand sketch- 
ing be done in conjunction with non-cylindrical objects. 
Draw the orthographic views with instruments in the nor- 
mal manner, using construction lines. Then, using an HB or 
an F pencil, complete the finished linework freehand. This 
will allow you to experience the basic type of hand control 
that freehand sketching requires. While the finished line- 
work is being completed, your drawing sheet should not be 
fastened to the drawing board. This will permit you to turn 
the sheet as you sketch so that your hand can remain in the 
most comfortable sketching position. 

After you become used to drawing straight lines free- 
hand, try to sketch the views of objects without using any 
instruments. Later on when you are required to sketch 
views that involve circles and parts of circles, use the 
instruments to draw these lightly at first. Then complete 
the finished linework freehand as previously explained. 
Once you have drawn a few circles and parts of circles in 
this way, try sketching objects that have circular features 
completely freehand. 

As with any physical skill, the ability to sketch freehand 
requires practice. It is suggested, therefore, that a couple of 
the orthographic drawing problems in this chapter and in 
the following chapter be sketched freehand. The use of 
squared paper for freehand sketching purposes is very 
helpful and should be used when available. 


REVIEW QUESTIONS _ 


1. Why are object lines drawn thick and 6. Neatly sketch the minimum number of 
black? | orthographic views required to describe 


2. What is the difference between a hidden 
surface and an invisible surface ? 


the objects at the top of the next page 
exactly and completely and in accordance 
with the following instructions: 


3. Why is it incorrect to refer to hidden lines » Make the length of each object about 65 
as “dotted” lines? to 75 mm and maintain the proportions 
4. What is the essential difference between shown. 
construction lines and projection lines? e Be sure to place the views in correct 


5. List four points that should be kept in mind 
when drawing hidden lines. 


relationship to each other. 
e All holes and slots go right through. 
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7. Neatly sketch each set of incomplete shown. Complete each set of views by 
orthographic views shown below. Make supplying the required missing lines. All 
the length of each front view about 65 to holes and slots go right through. 
75mm and maintain the proportions 
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| ORTHOGRAPHIC DRAWING PROBLEMS 





SCALE I:1 





COUNTERWEIGHT | 


SCALE I:1 
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HOGRAPHIC DRAWING PROBLEMS 


| ORT 











Technical drawings frequently have to be prepared to 
scales other than full size (1:1). In this chapter you will learn 
how to read and how to use several of the most common 
reduced and enlarged scales to which orthographic views 
are drawn. | 


UNIT | 


To draw an object to scale means to prepare orthographic 
views of it to a size that is proportional to its actual size. 
Most objects are drawn full size. This is recorded on a 
drawing as Scale |:1. 


Scale I|:! Every millimetre on the drawing paper 
represents |mm of the actual object. The 
views on the drawing paper are the same size 
as those of the actual object. 


Reduced Scales 





Many objects must be drawn to reduced scales because 
they are too large to be drawn full size conveniently. The 
following are examples of commonly used reduced scales. 


scale 1:2 Every millimetre on the drawing paper 
represents 2mm of the actual object. The 
views of the actual object are twice the size of 
the views on the drawing paper. 


SMALLEST DIVISION IS ACTUALLY | 
Imm, WHICH REPRESENTS 2 mm 
FOR DRAWING PURPOSES. 


| FIG.5:1 SCALE 1:2 
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Scale 1:5 Every millimetre on the drawing paper 
represents 5mm of the actual object. The 
views of the actual object are five times larger 
than those on the drawing paper. 


SMALLEST DIVISION IS ACTUALLY | | 
Imm, WHICH REPRESENTS 5mm | 
FOR DRAWING PURPOSES. | 










| FIG.5:2 SCALE 1:5 | | 


Scale 1:10 Every millimetre on the drawing paper 
represents 10 mm of the actual object. The 
views of the actual object are ten times larger 
than those on the drawing paper. 


SMALLEST DIVISION IS ACTUALLY , 
|mm, WHICH REPRESENTS lO mm | 
FOR DRAWING PURPOSES. 


100mm 200 300 





| FIG.5:3 SCALE 1:10 


Occasionally it is necessary to prepare drawings to scales 
that are larger than full size. This is done to show the 
shapes of objects clearly and to enable the views to be 
dimensioned more conveniently. 

Samples of enlarged scales are listed below: 


Scale 2:1! Every 2 mm on the drawing paper represents 
|mm of the actual object. The views on the 
drawing paper are twice the size of those of the 
actual object. 


scale 5:1 Every 5 mm on the drawing paper represents 
[mm of the actual object. The views on the 
drawing paper are five times larger than those 
of the actual object. 
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scale 10:! Every 10 mm on the drawing paper represents 
| mm of the actual object. The views on the 
drawing paper are ten times larger than those 


of the actual object. 


The |:| measuring edge of the scale is used when drawing 
to an enlarged scale. This makes it necessary to multiply 
each dimension of an object by 2, 5, 10, etc., depending on 
the enlarged scale used. 

lf a dimension of an object is 25 mm and the enlarged 
scale used is 5:I, then the dimension of the object on the 


drawing paper would be 125 mm (25 x 5). |. SCALE 1:1 


Angles 





The size of an angular feature is usually given in degrees. 
Although such a feature will be proportionately larger or 
smaller if drawn to an enlarged or reduced scale, the size of 
the angle itself will remain the same. In other words, a 60° 
angle will remain 60° regardless of the scale to which it is 


drawn 2. SCALE 1:2 


| FIG.5:4 ANGLES REMAIN THE SAME SIZE 
REGARDLESS OF THE SCALE i 
TO WHICH THEY ARE DRAWN. i 





REVIEW QUESTIONS 


. What is meant when it is stated that an 


object is drawn to scale? 


2. Why is it necessary to draw some objects 


3. 


to enlarged or reduced scales? 


List the names of three common items 
that would have to be drawn to a reduced 
scale. 


List the name of a common item that has 
parts that would have to be drawn to an 
enlarged scale. 
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the length, width, and height dimensions 
of the object on the drawing paper? 


. A machine part has the following dimen- 


sions: 600mm, 265mm, 390mm, 
55 mm, 90°, and 30°. If it is drawn to a 
scale of 1:20, what size is each of these 
dimensions on the drawing paper? 


. Adimension of an object is 242.5 mm. On 


the drawing paper the dimension is repre- 
sented by 48.5 mm. To what scale has the 
object been drawn? 


5. Interpret the following scale designations: 
(a) Lane 10: | a Scale 9. A dimension of an object is 8.4 mm. On 
(b) Scale 50: | (d) Scale 1:20 the drawing paper the dimension is repre- 
) sented by 168 mm. To what scale has the 
6. An object is drawn to a scale of 1|:5. Its object ee drawn? 


actual length, width, and height are 350, 
290, and 180 mm respectively. What are 
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60° INCLINED | 
\._ | SLOT BOTH SIDES} 


IDLER STOP | 
SCALE 1:2 | 











45° CORNERS } 














V-BEARING mm a. # f mf 
SCALE 1:2 4 A 
he | | <i . . ee : “170 


BOTH SIDES 
. 200 


510 


TRUNNION 
SCALE 1:10 


POLE GOES THROUGH] 
TOOL GUIDE : 
SCALE [:5 | 
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| BEARING SUPPORT 
SCALE 1:2 


, | ANGLE BRACKET | 
~~ Sy SCALE I:2 | 


TOOLBLOCK ~ 
SCALE 1|:5 


WEDGE KEY 
SCALE 1|:10 





TAPER BLOCK 
SCALE 10:1 


ADJUSTER BASE 
SCALE 5:1 


Ad. 








Orthographic Drawing 


This chapter expands the principles of orthographic drawing 
to include cylindrical objects and shapes. The new learning 
that is involved will be applied in Chapter 7 where the 
instruments used to draw full and partial circles are dealt 
with. 


UNIT | 


Six orthographic views can be drawn of any cylindrical 
object. However, most cylindrical objects require only two 
views to describe their shapes exactly and completely. 
Figure 6:1 shows six orthographic views of a cylindrical 
part. To describe its shape exactly and completely, only two 
of the six orthographic views are required. In this case, the 
front view and the right side view would be used. The right 
side view is preferred to the left side view because it lim- 
inates eine u use 20: a mage nes 


LEFT SIDE 





The front view of a cylindrical object shows its length, as 
measured along its axis. This may or may not be its largest 
overall dimension, as shown in Figure 6:2. 
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; FRONT VIEW 
| FIG. 6:2 





FRONT VIEW 


Most 5 edie guia: require are two SGHtGAROE 
views to describe their shapes. The two views are usually 
drawn in a position that shows the length of the front view 
horizontally. Some cylindrical objects, however, are drawn 
with the length of their front view in a vertical position. 


Refer to Figure 6:3. 


© EE 


LEFT SIDE 


FRONT RIGHT SIDE | 


|. HORIZONTAL 2. VERTICAL 3. HORIZONTAL 


_ REVIEW QUESTIONS | 


|. How is the length of a eoindned object 


determined? 


2. How many orthographic views are usually 
drawn of most cylindrical objects? 


3. What is it about an object that classifies It 
as cylindrical? 
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4, Refer to Figure 6:1! and the explanation 


preceding it. Explain what role hidden 
lines, or the lack of them, play in the selec- 
tion of the views that must be drawn of 
either non-cylindrical or cylindrical objects. 


UNIT 2 
Centre Lines 


Centre lines indicate the centres of cylindrical objects and 
features. They are drawn thin and black, as shown in Fig- 


ure 6:4 
: LENGTH AS | 
REQUIRED | 





| FIG.6:4 CENTRE LINE 


MOST CENTRE CENTRE LINES DO 


570 10mm | LINES ARE BROKEN] NOT PROJECT FROM f SHORT DASHES INTERSECT AT | 
PROJECTION } ONLY ONCE. | VIEW TO VIEW. CENTRE WHEN POSSIBLE. | 


5TOlOmm ff 
~ | PROJECTION 


| FIG.6:5 STRAIGHT CENTRE LINES 


Bolt Circle 
A bolt circle is a circular centre line. Bolt circles are used to 
indicate the centres of cylindrical holes or other features 


that are equidistant from a common centre point. The term 
“bolt circle” is often abbreviated to B.C. 


| BREAK AT EQUAL | 
_ INTERVALS. | 








FIG. 6:6 BOLT CIRCLES |. COMPLETE 2. PARTIAL 
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A bolt circle may be drawn as a complete circle or as part 
of a complete circle, depending on its diameter and on the 
number of cylindrical features located on it. A bolt circle 
should be broken at equal intervals around its circumfer- 
ence. See Figure 6:6. 


There are certain basic terms that are used when referring 
to cylindrical objects and which students should become 
familiar with at this point. Knowing the meaning of these 
terms makes it easier to discuss and refer to cylindrical 
objects and shapes. Figure 6:7 illustrates the meaning of 
these terms. 





_ REVIEW QUESTIONS 


1. What purpose do centre lines serve? 


2. Why must centre lines project beyond the 
features through which they pass? 


6. The bore of a machine part is 97 mm. 
Explain what that means.. 


7. An automobile part has a flange and a hub. 


3. What is a bolt circle? 


4. List five points to keep in mind when 
drawing a centre line. 


5. List three points to keep in mind when 


Which has the larger diameter? 


8. The part in Question 7 has an overall 
length of 284mm. Its flange is 90 mm 
thick. What length is the hub? 


drawing a bolt circle. 


UNIT 3 


On the North American continent it has traditionally been 
standard drafting practice to select the front view of an 
object and to position the other views relative to the front 
view. Each of the other views is placed immediately adja- 
cent to the side of the object it describes. Consequently, 


4s 


the top view is placed above the front view since it is a view 

of the top surface of the object. The right side view is 

placed to the right of the front view since it is a view of the 

right side of the object, and so on. This method of preparing 

technical drawings, called third-angle projection, is shown 
in Figure 6:8. | 





TOP VIEW 
pe 


FRONT VIEW 
REAR VIEW LEFT SIDE VIEW aaa RIGHT SIDE VIEW 


FIG. 6:8 THIRD-ANGLE PROJECTION BOTTOM VIEW 


First-Angle Projection 


In Great Britain and other parts of Europe, it is standard 
industrial drafting practice to select the front view of an 
object and to position the other views immediately adjacent 
to the opposite sides of the object they describe. Conse- 
quently, the top view is placed below the front view. The 
right side view is placed on the left side of the front view, 
and so on. This method of preparing technical drawings is 
called first-angle projection. Figure 6:9 is an example of this 
type of projection. 

The use of the metric system is expanding throughout 
the world. At the same time the exchange of technical 
drawings and engineering data between North America and 
Europe is increasing. As a result, the use and understanding 
of first-angle projection on the North American continent is 
becoming more common and often necessary. For this rea- 
son, it is suggested that several problems in Chapters 7, 8, 
9, and I0 be prepared in first-angle projection in order that 
students may become familiar with it. 
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| FIG 


RIGHT SIDE VIEW 


TOP VIEW 
_6:9 FIRST-ANGLE PROJECTION 


REVIEW QUESTIONS 


30 


What type of orthographic projection is 
traditional in North America? 


. lf you were looking at a technical drawing, 


how would you know whether it was 
drawn in first-angle projection or third- 
angle projection? 


.Neatly sketch the minimum number of 


orthographic views required to describe 

the objects shown at the right exactly and 

completely and in accordance with the fol- 
lowing instructions: 

e Make the length of each object about 65 
to 75 mm and maintain the proportions 
shown. 

e Be sure to place the views in correct 
relationship to each other. 

e Show all necessary centre lines. 

e All holes and slots go right through. 

e Use third-angle projection or first-angle 
projection, as indicated for each object. 


LEFT SIDE VIEW REAR VIEW 





FIRST ANGLE THIRD ANGLE 
B 
A 





THIRD ANGLE 
D 


FIRST ANGLE 
C 


FIRST ANGLE THIRD ANGLE 
E F 











The Compass 


Circles and parts of circles are used a great deal in technical 
drawing. In this chapter you will learn about the elements of 
a circle. You will also learn about the types of drawing 
instruments that can be used to draw full and partial circles. 


UNIT | 
The Circle 


The characteristic contours of cylindrical features of objects 
are represented on technical drawings by circles. A circle is 
a plane geometric figure whose perimeter is equidistant at 
all points from its centre. 

A circle is only one of the many plane geometric figures 
used in technical drawing. A plane geometric figure can 
easily be recognized since it has only two dimensions— 
height and width. A few examples of plane geometric fig- 
ures are shown in Figure 7:1. 










|. Circle 2. Triangle 3. Rectangle 





| FIG. 7:1 PLANE GEOMETRIC FIGURES 


CIRCLE CALCULATIONS 
The most commonly used elements of a circle (diameter, 
radius, circumference, and area), as shown in Figure 7:2, 
can be determined by using the formulas listed on page 52. 
The Greek letter pi(z), shown as part of some of the 
formulas, is the symbol that is used to represent the ratio 
between the circumference and the diameter of a circle. Its 
value is 3.1415927. 


4. Hexagon 


ol 








Unless circle calculations are worked out on a calculator 
that has a pi(z) key, it is common practice to round off the 
value of pi(z) to the fourth decimal place (3.1416), as a 


matter of convenience. 
Radius = diameter + 2 


Diameter = radius x 2 
Circumference = 7 x diameter 


circumference 


Radius = eo 


circumference 
TT 


Diameter = 


Area = 7 x radius 2 or Area 


= 7X radius x radius 


a xX diameter 2 


A 


a X diameter x diameter 


A 


DEGREES 


UNITS OF ANGULAR MEASUREMENT. | 


ARC : 
ANY PART OF & 
THE CIRCUMFERENCE | 
AREA 
THE SPACE ENCLOSED) p= 
BY THE CIRCUMFERENCE 


DIAMETER 


DIAMETER | - 
THE DISTANCE ACROSS THE 
WIDEST PART 


THERE ARE 360° IN A CIRCLE. 


CIRCUMFERENCE : 
| THE PERIMETER. IT IS ALSO | 
THE DISTANCE MEASURED 
’ AROUND THE PERIMETER. 


RADIUS 


RADIUS 
THE DISTANCE FROM THE 
CENTRE TO THE CIRCUMFERENCE } 





LFIG.7:2_ THE ELEMENTS OF A CIRCLE _ | | = nee ee ee 


REVIEW QUESTIONS _ 


1. How can a plane geometric figure be rec- 
ognized? | 

2. List the names of two plane geometric 
figures not shown in this chapter. 


3. Determine the radius and the circumfer- 
‘ence of each of the following circles. 
Round off your answers to the second 
decimal place. 
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(a) 22.25 mm (d) 12 mm 


(b) 64.6 mm (e) 8.1 mm 
(c) 47.5 mm (f) 32.8 mm 


4. Three circles have circumferences of 25.4, 
78.96, and 87.62 mm. What is the radius 
of each circle and its area? Round off each 

_ answer to the second decimal place. 


5. Determine dimensions A, B, and C on the 6. Determine the following information con- 


drawing below. Determine also the area of cerning the holes in the part shown below. 
the space between the circles. Round off Round off the dimensions to the second 
each answer to the fourth decimal place. decimal place where necessary. 








(ob) radius (e) area 
(c) length (f) volume 








CIRCUMFERENCE 90mm | 


CIRCUMFERENCE I75mm 


UNIT 2 
The Compass 


The compass is used to draw circles and arcs. Compasses 
are available in a variety of styles and sizes. In industry, 
people engaged in the preparation of technical drawings 
usually work with a set of drawing instruments that 
includes two or three compasses of different sizes. A typi- 
cal set is shown in Figure 7:3. 





FIG. 7:4. THE GIANT BOW COMPASS 


FIG. 7:3 ASET OF PROFESSIONAL DRAWING INSTRUMENTS THAT INCLUDES 
THREE SIZES OF COMPASSES 
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The giant bow compass (Figure 7:4) is the type of 
compass used in many drafting classrooms. It enables 


circles and arcs that have radii of up to 100 mm to be drawn 
conveniently. 


To sharpen and adjust the compass 


| |. LEAD EXTENDED AND READY FOR 


2. SHARPEN THE LEAD TO AWEDGE 3. ADJUST THE LEAD SO THAT IT 
SHARPENING. AVOID USING SHORT POINT. PROJECTS SLIGHTLY LESS THAN THE 
: LEADS. NEEDLE-POINT. 
i FIG. 7:5 


2. AVOID SHARPENING THE LEAD ON 3. AVOID USING CONICAL POINTS. 
THE SIDE FACING THE NEEDLE- 
POINT. 


| |, AVOID SHORT, STUBBY POINTS. 





| FIG.7:6 THINGS TO AVOID 
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FIG. 7:7. SHARPENING THE COMPASS WITH A SANDING PAD 


To draw a circle : 
The size of a circle is always specified in terms of its diame- 
ter. Therefore, a 75 mm circle is one that has a diameter of 
75 mm. 

The distance between the legs of a compass is the same 
as the radius of the circle to be drawn. To draw a circle of a 
given diameter, it is necessary to know the radius in order 
to set the compass legs at the correct distance apart. The 
radius of a circle is half of its diameter. 


| 1, Establish the centre of the circle by draw- 
ing two intersecting lines at right angles. 
Measure the radius of the circle along 
either of the intersecting lines. 


| 2. Set the compass to the measured radius. 
| Draw the required circle. As you draw, 
incline the compass slightly in the direc- 
tion of rotation. 
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Setting the compass to a required radius by placing It 
against the scale is considered poor practice. It frequently 
defaces the surfaces of the scale. 





Templates 





A circle template facilitates the drawing of circles that have 
diameters up to 30 mm. A radius guide is used in much the 
same manner as a circle template. However, its purpose is 
to facilitate the drawing of arcs rather than circles. | 





CIRCLE TEMPLATE 





FIG. 7:10 


FIG. 7:11 RADIUS GUIDE 
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_TheBeam Compass 


When it is necessary to draw large circles (over 200 mm in 

diameter) it is often more convenient to use a beam com- 

pass (Figure 7:12) than a giant bow compass. The beam 

compass provides greater control. It also enables circles to 

be drawn that are beyond the capacity of the giant bow 

compass. The use of the beam compass is shown in Fig- 
ure 7:13. 





wei EXTRA BEAMS INCREASE THE } 
g CAPACITY OF THE COMPASS. | 


=e] ADJUSTABLE LEAD 
= __ HOLDER. 


f FIG. 7:13 USE OF THE BEAM COMPASS 


REVIEW QUESTIONS 





I. Many compass needles have shoulderson __ 5. List five points to keep in mind when shar- 
them, as shown in Figure 7:5. Suggest pening and using the compass. 
what purpose the shoulders serve. 


6. What purpose do circle templates and 
2. At what distances apart would the com- radius guides serve? 


pass legs have to be set in order to draw 


; 7. What purpose does a beam compass 
circles of the following diameters? iad p 


? 
(a) 43 mm_ (b) 74.5 mm (c) 95 mm wiles 
(d) 238mm (e) 115mm _— (f) 98mm 8. What element of a circle is used to specify 
Seven 
3. Why is it advisable to avoid setting the eee . 
compass against the scale? 9. What element of a circle equals the dis- 


sb 4 n tween the legs of a compass? 
4. If it is considered poor practice to set the lanes Renwe g P 


compass against the scale, how is the 
compass set to the radius of a circle to be 
drawn? 


oY 





| SINGLE-VIEW DRAWING PROBLEMS 





PLANE FIGURE NO. | 
SCALE I:1 


@ 400 (4) 





PLANE FIGURE NO. 2 
SCALE 1:10 
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| ORTHOGRAPHIC DRAWING PROBLEMS : 


D 28 








DRIVING HUB 
SCALE I:1 


6 DEEP 
80 BOTH ENDS 





. 4 SLOTS 


EQUALLY 
SPACED 
d 38 6 DEEP 










R32 TIMING SHAFT 


SCALE I:1 


D 30 
2 HOLES = 286 


2 SLOTS 
70 WIDE Se 


D50 x 26 DP. 
INNER HOLE @ 34 





OFFSET BEARING TAPERED SPINDLE 
SCALE 1:2 | SCALE 1:5 
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064 4l x 12 DEEP. 
INNER HOLE @ 21.5 





FEED STOP 
SCALE I: 


RI25 - 4 CORNERS 







7 “ . Qilo 


COLUMN SUPPORT 
SCALE 1:10 


@ 40 075 - 2 HOLES 






CARRIER FRAME 
SCALE 1:5 
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© 38 





HEAD STOP 
SCALE |:2 


® 102 ZB 26 — 4 HOLES 


DISC PLATE 
SCALE 1:2 


4 HOLES 


- SLIDE BUSHING 
SCALE I:1 









FLYWHEEL SUPPORT 
SCALE I:1 
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Basic Geometrical 


This chapter introduces the common geometrical terms 
and shapes used in technical drawing. The drawing prob- 
lems at the end of the chapter and many of those in later 
chapters require an understanding of the meaning and use 
of these terms and shapes. 


UNIT | 
Rounds and Fillets 





Rounded corners on objects are usually referred to as 
rounds or fillets. An outside rounded corner is called a 
round. An inside rounded corner is called a fillet. 
Objects are provided with rounds and fillets for one or 
more of the following reasons: 
1. To make them safer to handle. 
2. To provide increased strength at inside corners. 
_ 3. To improve their appearance. 7 
4. To save material. 
5. To make it easier to remove the patterns of sand castings 
from their moulds. 


Figure 8:2 shows two machine parts whose basic or 
characteristic shapes have been formed by means of the 
sand casting process. Note the fillets and rounds on most 
of their exterior and interior corners. 


Gnd 








FIG. 8:2. SAND CASTINGS THAT HAVE ROUNDS AND FILLETS : 
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Rounds and fillets are represented on technical drawings 
by arcs. Arcs can be drawn with a compass and a straight- 
edge, as shown in Figures 8:3, 8:4, and 8:5. Many can also 
be drawn with the aid of a radius guide. 








S RAD. OF ARC -| 


|. MEASURE RADIUS OF ARC ALONG ONE LEG OF 2. PLACE POINT OF COMPASS AT CORNER. SET 
| RIGHT ANGLE. COMPASS TO RADIUS MEASURED. DRAW AN 
ARC ACROSS EACH LEG OF RIGHT ANGLE. 


3. PLACE POINT OF COMPASS WHERE ARCS 4. PLACE POINT OF COMPASS WHERE ARCS 


INTERSECT LEGS OF RIGHT ANGLE. DRAW TWO INTERSECT. DRAW REQUIRED ARC TANGENT TO | 


INTERSECTING ARCS. SIDES OF RIGHT ANGLE. (TANGENT MEANS 
“JUST TOUCHING AT ONE POINT”.) 


|To draw an arc tangent to the sides of an obtuse angle 


._—— 


|. PLACE COMPASS POINT ANYWHERE ALONG 2. DRAW LINES PARALLEL TO LEGS OF OBTUSE 
EACH LEG OF OBTUSE ANGLE (ANGLE GREATER ANGLE AND TANGENT TO NON-INTERSECTING 
THAN 90°). DRAW TWO NON-INTERSECTING ARCS. (TANGENT MEANS “JUST TOUCHING AT 
ARCS. THE RADIUS OF EACH ARC MUST EQUAL ONE POINT"’.) 
THE RADIUS OF THE ARC TO BE DRAWN IN THE 
OBTUSE ANGLE. 


3. SET COMPASS POINT AT INTERSECTION OF 
STRAIGHT LINES. DRAW REQUIRED ARC 


TANGENT TO SIDES OF OBTUSE ANGLE. : 
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To draw an are tangent to an existing arc and straight line 


ye OR 


| |. ESTABLISH THE ARC AND STRAIGHT LINE TO 2. DRAW ANOTHER ARC WITH A RADIUS EQUAL 
| ~— WHICH THE REQUIRED ARC IS TO BE DRAWN TO THE RADIUS OF THE ESTABLISHED ARC 
TANGENT. PLUS THE RADIUS OF THE REQUIRED ARC. 


| 3. DRAWASECOND STRAIGHT LINE PARALLELTO = 4, PLACE THE COMPASS POINT AT THE | 
THE FIRST AND AT A DISTANCE FROM IT EQUAL INTERSECTION OF THE SECOND ARC ANDTHE | 
TO THE RADIUS OF THE REQUIRED ARC. SECOND STRAIGHT LINE. DRAW THE REQUIRED} 
ARC TANGENT TO THE EXISTING ARC AND 
STRAIGHT LINE. (TANGENT MEANS “JUST 
TOUCHING AT ONE POINT"’.) 





Regular Polygons 





The word ‘‘polygon’’ means ‘‘many-sided” and is a general 
term used to refer to any plane geometric figure that has 
five or more sides. 

In technical drawing, hexagons and octagons are used 
quite frequently. They are called regular polygons. A regular 
polygon is one that has sides of equal length and angles of 
equal size. 


WIDTH ACROSS FLATS 

The size of a regular hexagon and that of a regular octagon 
is the distance between their opposite sides. This distance 
is known as the width across the flats. It is often abbrevi- 
ated to A/F (across flats). 





|. REGULAR HEXAGON 2. REGULAR OCTAGON 


| FIG. 8:6 





| To construct a regular hexagon by the 
| circumscribed method 








# |. ESTABLISH THE CENTRE OF THE HEXAGON 
| WITH TWO INTERSECTING CONSTRUCTION 
LINES. DRAW ALIGHT CIRCLE WITHA 
DIAMETER EQUAL TO A/F OF THE HEXAGON TO 
BE DRAWN. 








f 2. CIRCUMSCRIBE THE HEXAGON AROUND THE 
CIRCLE BY DRAWING ITS SIDES TANGENT TO 
THE CIRCLE, USING CONSTRUCTION LINES. USE 
THE 30°-60° SET SQUARE. 







| 3. ERASE UNNECESSARY LINES. COMPLETE THE 
FINISHED LINEWORK. CENTRE LINES CAN BE 






: OMITTED IF NOT REQUIRED. 
| FIG. 8:7 





REVIEW QUESTIONS 


1. What element of a circle is used to repre- 
sent rounds and fillets on technical draw- 
ings? 

2. Why are arcs on technical drawings usu- 
ally constructed with radius guides rather 
than by formal geometric methods? 


3. What does the word ‘‘polygon” mean? 


4. Octagons and hexagons are plane geo- 
metric figures. Why? 





| To construct a regular octagon by the | 
i circumscribed method 


. ESTABLISH THE CENTRE OF THE OCTAGON 
WITH TWO INTERSECTING CONSTRUCTION 
LINES. DRAW ALIGHT CIRCLE WITH A 
DIAMETER EQUAL TO A/F OF THE OCTAGON TO 
BE DRAWN. 


| 2. CIRCUMSCRIBE THE OCTAGON AROUND THE 


CIRCLE BY DRAWING ITS SIDES TANGENT TO 
THE CIRCLE, USING CONSTRUCTION LINES. USE 
THE 45° SET SQUARE. 


» 3. ERASE UNNECESSARY LINES. COMPLETE 


FINISHED LINEWORK. CENTRE LINES CAN BE 
OMITTED IF NOT REQUIRED. 


| FIG.8:8 : 


5. Define the following terms: 
(a) width across flats 
(b) circumscribed hexagon 
(c) regular polygon 


6. If the size of a hexagon is specified as 56 
A/F, what does that mean? 
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BLEMS 







@ 83 WITH A @ 18 HOLE 
THROUGH ONE SIDE 




















D 133 
D 30 
FILLETS R20 
D 40 
® 50 
FILLETS RA COUPLING INSERT 
SCALE I:2 
@ \22 
@ 104 
29 DEEP @ 12 - 4 HOLES 
ON 78 B.C. 
D 03 
CLUTCH COVER Pi 
SCALE 1:1 aS 
© 200 
FILLET R40 
@ 40 — THROUGH 


BOTH SIDES © 71|— 3 HOLES 


R80 


® 26 —2 HOLES 


40 SQUARE 


20 | 


STOP COLLAR 
SCALE 1:5 
SLIDING HASP 
SCALE 1:2 
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ROUNDS AND FILLETS 
NOT DIMENSIONED 
TO BE R4 






STEERING LINK 


SCALE 2:1 
12-2 HOLES 


D 02 


D 38.1 


FILLETS NOT DIMENSIONED 
TO BE RI6 


D 31.75 
3 HOLES 


PUMP BRACKET 
SCALE 1:2 
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92 A/F 


@22 x 8 DP. 








67 AIF ae D6 — 2 HOLES 
THROUGH BOTH SIDES 


®7 - 2 HOLES 
ON 39 BC. 


HEXAGONAL FLANGE 
SCALE 2:1 


OCTAGONAL BEARING 


SCALE |:| Z\|1—2 HOLES 


ROUNDS RIO 


CONTROL BRACKET 
SCALE 1:1 
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TOOL SLIDE 
SCALE 1:5 


| @130 THROUGH = 
| 1O@255 HOLE 


TURRETHOLDER | 
SCALE 1:10 | 
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Most technical drawings are used as plans to build or manu- 
facture the objects drawn. In addition to describing the 
shape of an object, a technical drawing must also provide 
the dimensions (sizes) of each feature of the object. 

In this chapter the fundamentals of dimensioning as they 
apply to non-cylindrical objects and shapes are introduced. 





PATTERN NO. J/15338 
ROUNDS R5_ FILLETS R8 


REMOVE ALL BURRS AND SHARP EDGES. 


@ |2 - 21 CBORE. |2 DP. 
2 HOLES 


THIRD ANGLE 


METRIC DIMENSIONS ARE IN MILLIMETRES. 


e BHVCREON MACaNcIne Poe HYDRAULIC CYLINDER TRUNNION TOLERANCES UNLESS OTHERWISE SHOWN | DRAWN BY |S. W. PEARCE | ‘DWG.NO. | 


: : : Over 100 up to 300mm _ =+0.2 DATE APRIL 28/83 H : 
. fi MATERIAL 3 Over 300 up to 500 mm + 0.5 poate i Mi pP- \2-42! 
 . SPne ee Prien ee ARIS ees anes | DO MOT SesE ORNS) whos ios PScale [il : 


| FIG.9:1 DIMENSIONAL SIZES ARE REQUIRED FOR MANUFACTURING PURPOSES. | 
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UNIT | 





ALIGNED METHOD 
The aligned method of dimensioning requires that all 
dimension figures, except those that apply to angular con- 
tours, be lettered between guide lines that are parallel to 
the dimension lines. See Figure 9:2. 

The aligned method has been the traditional way of 
showing dimensional sizes on technical drawings. Although 
still widely used in industry, it is gradually being replaced by 
the ee oie ee 








| FIG. 9:2. THE ALIGNED METHOD OF DIMENSIONING 





UNIDIRECTIONAL METHOD 
The unidirectional method of dimensioning requires that all 
dimension figures be lettered between guide lines that are 
parallel to the bottom edge of the drawing paper. This 
makes a technical drawing easier to read. See Figure 9:3. It 


is for this reason that the unidirectional method is becoming 
more widely used. 














| FIG.9:3. THE UNIDIRECTIONAL METHOD OF DIMENSIONING 


OVERALL DIMENSIONS 

An overall dimension indicates the overall length, width, or 
height of an object. Every object, regardless of its shape, 
has three overall dimensions. 


DETAIL DIMENSIONS 
A detail dimension is one that provides information about 
the size or location of any feature or detail ofa part, other 





i] OVER ALL | 
| | DIMENSIONS | 





DETAIL | 
=) DIMENSIONS | 


| FIG.9:4 OVERALL AND DETAIL DIMENSIONS aa sae esa ee te 
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than its overall length, width, or height. The difference 
between overall and detail dimensions is illustrated in Fig- 
ure 9:4, 


Lines Used forDimensioning Purposes 





EXTENSION LINES 

Extension lines are thin black lines used to extend the 
features of an object to a convenient place on a drawing for 
dimensioning purposes. 


DIMENSION LINES 


Dimension lines are thin black lines used to indicate the 
dimensions of an object. Generally speaking, there should 
be enough space between dimension lines and views, and 
between pairs of adjacent dimension lines to make the 
drawing easy to read. This, of course, will vary according to 
the size of the drawing sheet used and the number of 
dimensions required. See Figure 9:5. 





2 mm SPACE | 


DIMENSION 
LINE 


FIG.9:5 DIMENSION AND EXTENSION LINES 





REVIEW QUESTIONS 
|. Why is it necessary to dimension a techni- 4, What is the recommended minimum dis- 
cal drawing? tance that should be maintained between 
: si Sae dimension lines and between a view and a 
2. Suggest why an extension line should not 


dimension line? 


touch the feature being dimensioned. 
5. Define the following terms: 


3. Why is the unidirectional method of (a) detail dimension 
dimensioning superior to the aligned (b) extension line 
method? (c) dimension line 
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UNIT 2 





i. Place dimensions off, between, or above the views. 
When it is possible and practical to do so, place dimensions 
off, between, or above the views. Above means above the 
front and right side views, depending on what views are 
drawn. The application of this general rule will usually per- 
mit the dimensions to be positioned in groups about the 
views for easy reading. 

Whenever a technical drawing is to be dimensioned, 
Rule | should be used only as a starting point. It should then 
only be applied if it does not conflict with any of the other 
basic dimensioning rules. Refer to Figure 9:6. 


ES ET NT SS LI SL a Se I EIS TT RE IEE NR TPIT ET ET TE PITS Oe Sa SaaS SEO | 





2. WHEN THE FRONT AND RIGHT SIDE VIEWS ARE =—- 3. WHEN THE FRONT AND TOP 
USED VIEWS ARE USED 


|. RECOMMENDED 2. POOR PRACTICE 





| FIG. 9:7 : 


3. Place dimensions close to the features being 
dimensioned. 

Placing dimensions close to features eliminates unneces- 

sarily long extension lines, which tend to lessen the clarity 

of a drawing. See Figure 9:8. 


4 


Py 


| |. RECOMMENDED 2. POOR PRACTICE 





4. Dimension a feature only once and always to object 
lines. 





| FIG. 9:9 


5. Omit one detail dimension in a chain. 

In a chain of detail dimensions it is considered good dimen- 

Sioning. practice to omit one dimension. It is recommended 

that this one detail dimension be omitted at either end of 
the chain. See Figure 9:10. 
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6. Place consecutive detail dimensions in line. 


I. RECOMMENDED 2. POOR PRACTICE 





: FIG. 9:11 


7. Dimension the object rather than the space. 


ied Pt 


|. RECOMMENDED 2. POOR PRACTICE 


| FIG. 9:12 
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8. Extension lines are solid continuous lines. They 
begin about 2 mm from the feature being 
dimensioned. | 





|. CORRECT 


3. INCORRECT 


| FIG. 9:14 


DO NOT ALLOW EXTENSION {| 
LINES TO HANG IN MID-AIR. § 





as 


Dimension linear features according to the spaces 





10. 


available. | 





LOCATE DIMENSION FIGURES 
CENTRALLY BETWEEN EXTENSION LINES. jaa. 
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|. HORIZONTAL 2. VERTICAL 


| FIG.9:15 PREFERRED METHOD OF DIMENSIONING L 


a oa |e 


2 3 4 


|. HORIZONTAL 


= 
a 


“L 
> 


2. VERTICAL 
| FIG. 9:16 ALTERNATIVE METHODS OF DIMENSIONING LINEAR FEATURES WHEN 





INEAR FEATURES 


ALTERNATIVE POSITION | 


KEEP DIMENSION LINE 
AWAY FROM CORNER. § : 


ANY CONVENIENT | 
RADIUS | 


FORSMALLSPACES | 





FIG. 9:17 I. VERTICAL 2. HORIZONTAL 


ih 


ALTERNATIVE POSITIONS | | 
|. PREFERRED | FOR SMALL SPACES 2. FOR SMALL SPACES 





1 FIG. 9:18 


Special Note About Dimensioning Angles 
If an angular contour ends as an apex, it is not necessary to 
provide its depth dimension as part of the dimensioning 
information. Figure 9:19(1) illustrates this point. 
Note that the angular feature shown in Figure 9:19(2) 
does not terminate as an apex. Therefore, it requires a 
depth dimension. 


—— 





| FIG. 9:19 


(2. Atechnical drawing should be dimensioned in a 
manner that makes it unnecessary for anyone 
reading the drawing to have to calculate any 
required size information. 


_|. CORRECT. NO CALCULATIONS REQUIRED TO 2. INCORRECT. LENGTH AND HEIGHT HAVE 


e698 DETERMINE SIZE INFORMATION. TO BE CALCULATED. 
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13. A technical drawing must always specify the full- 
size dimensions of an object regardless of the scale 
to which the drawing has been prepared. 





42 


{| [TTT pi 


FIG.9:21 RECOMMENDED DIMENSIONING PRACTICE © 





14. The units of measurement on metric technical 
drawings are assumed to be millimetres unless it Is 
indicated otherwise. 


_Steps in Dimensioning Non-Cylindrical Objects 





lt is recommended that students follow the steps listed 
below when dimensioning the problems in this chapter. 
Doing so will establish an orderly dimensioning routine that 
will reduce errors and promote dimensioning efficiency. 

The dimensioning of a technical drawing, of course, 
should not be started until the finished linework has been 
completed. 


1. Lightly draw all extension and dimension lines. 
e Dimension lines are placed at least 10 mm from a view. 
e Leave a space of at least 10 mm between adjacent par- 
allel dimension lines. 


2. Lightly draw all guide lines for dimension figures. 


3. Neatly letter all dimension figures. 
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4. Complete all extension and dimension lines. 


e Extension lines and dimension lines are drawn thin and 
black. 


e Extension lines begin about 2 mm from a view or fea- 
ture and end about 2 mm beyond a dimension line. 


5. Place slim, neat arrowheads on each dimension line. 
e Arrowheads must touch extension lines. 


ARROWHEADS ARE SOLID 
AND ABOUT 3 mm LONG. 


ee PE! 


| FIG. 9:22 


REVIEW QUESTIONS 


I. State the dimensioning rule that applies to 
a chain of detail dimensions. 


2. What important point must be remem- 
bered when dimensioning angular con- 
tours? 


3. Refer to dimensioning rule number |2 and 
suggest why this rule is important. 


4. What units of measurement are used on 
metric drawings unless indicated other- 
wise? 


. Determine dimensions A, B, C, and D in 
this drawing. 


Oo 
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6. Study the following views carefully and 
note the dimensioning errors that exist. 
Then neatly sketch the views provided and 
dimension them correctly. Do not supply 
any dimension figures. Make the front 
view about 65 to 75 mm long and maintain 
the proportions shown. 
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| DIMENSIONING PROBLEMS 


i 


DOVETAIL SLIDE 
SCALE 1[:2 


BI Bic 58 
ANGLE CLAMP a il 


SCALE I:1 


V-BLOCK 
SCALE I:1 








| DIMENSIONING PROBLEMS 






BOX SLIDE 


BAR HOLDER 
SCALE 1:2 


YOKE SUPPORT 
SCALE |:5 











Cylindrical objects and shapes are dimensioned a little dif- 
ferently from-those that are non-cylindrical. However, the 
basic dimensioning rules and information outlined in the 
preceding chapter also apply to cylindrical objects. 


UNIT | 
Dimensioning Cylindrical Features 


The diameters of exterior cylindrical features are dimen- 
sioned around the front view. Cylindrical holes and radii, 
however, are dimensioned where their shapes are shown 
as circles or arcs. See Figure 10:1. 





Leaders 


Leaders are single dimension lines that are used to indicate 
the sizes of cylindrical holes and radii. In later chapters, it 
will be seen that leaders are also used to indicate the sizes 
of other features of objects. Some uses of leaders are 
shown in Figure 10:2. 








: FIG. 10:2 TYPICAL USES OF LEADERS 








@7- 2HOLES 
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To position leaders for cylindrical holes 
The four relative positions in which it is possible to place a 
leader to dimension a cylindrical hole are shown in 
Figure 10:3. The position that should be used depends on 
the space available on the drawing paper. 


To draw a leader for a cylindrical hole 


13mm FLAT CENTRES ONL 
| FIRST LINE OF NOTE. [= 


: ARROWHEAD TOUCHES “emg ANY CONVENIENT | 

CIRCUMFERENCE : LeNGTN | 
: ANY ANGLE. 
| 45° TO 60° RECOMMENDED. } 


























| FIG. 10:4 


se 


Where limited space is involved, or simply for convenience, 
the flat on a leader can be reversed and the covering note 
lettered accordingly. See Figure 10:5. 


To dimension cylindrical holes of the same size 

When an object has two or more cylindrical holes of the 
same size it is only necessary to dimension one of them, 
with the number of holes involved shown as part of the 
dimensioning note. See Figure 10:6. 





@ 13 —2 HOLES D 13 
2 HOLES 


|. PREFERRED ; 2. WHEN SPACE IS RESTRICTED 


| FIG. 10:6 | 
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Q 2i 





| FIG. 10:5 


To locate cylindrical holes whose centre lines are a 
straight 

Cylindrical holes whose centre lines are straight must be 
located by dimensioning to their centres. Consequently the 


centre lines of such holes serve a dual purpose, acting as 
centre lines as well as extension lines. See Figure 10:7. 


NS 


SEE 


To dimension a bolt circle 


SEE eS 





|. PREFERRED 
FIG. 10:8 


Eh NAGPN CARP IORI PAS GIG ns DEAR TIB 


FIG. 10:10 WHEN SPACE PERMITS 











| DRAW EXTENSION ANY } 
| CONVENIENT LENGTH. § 





[ FIG. 10:11 FORRESTRICTED SPACES 


__Use of Notes to Dimension Rounds and Fillets 





The sizes of rounds and fillets can often be specified by 
means of a note, similar to one of those shown in 
Figure 10:12. The use of a note is a convenient method of 
saving dimensioning time. 





FILLETS RIO ROUNDS RIO 
| 2 


ROUNDS AND FILLETS R5 ROUNDS R3 FILLETS R8 


| o s 


Staggered Dimensions 


To make drawings easier to read, it is advisable to stagger 
the dimension figures of adjacent exterior cylindrical 
features. It is also recommended that dimension figures 
close to the ends of centre lines be offset. 





FIG. 10:18 STAGGERED DIMENSIONS PROMOTE DRAWING CLARITY. 
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The steps listed below should be followed when you are 
dimensioning the problems in this chapter. Except for the 
reference to centre lines, they are the same as those listed 
in Chapter 9. | 

Centre lines often serve a dual purpose, both as centre 
lines and extension lines. For this reason, it is recom- 
mended that they be left light and then finished as part of 
Step 4 below. 


|. Lightly draw all extension and dimension lines. Use what- 
ever centre lines are necessary as extension lines. 
e Dimension lines are placed at least 10 mm from a view. 
e Leave at least 10 mm between adjacent parallel dimen- 
sion lines. 


2. Lightly draw all guide lines for dimension figures. 
3. Neatly letter all dimension figures. 


4. Complete all extension lines, dimension lines, and centre 

lines. 

e Extension lines, dimension lines, and centre lines are 
drawn thin and black. | 

e Extension lines begin about 2 mm from a view or fea- 
ture and end about 2 mm beyond a dimension line. 

e Acentre line, when used as an extension line, also ends 
about 2 mm beyond a dimension line. 


5. Place slim, neat arrowheads on each dimension line. 
e Arrowheads must touch extension lines and centre 
lines where necessary. 











LREVIEWQUESTIONS eee 
I. Around what view should external cylin- 7. Why are certain dimension figures stag- 
drical features be dimensioned? gered? 
2. What is the purpose of a leader? 8. What is the name of the Greek letter 
3. List several points to keep in mind when used in dimensioning to represent the 


drawing a leader. 
4. Six holes are equally spaced on an 80 mm 


word “‘diameter’’? 
9. If the letter R precedes a dimensional 


BC size, what type of feature is being dimen- 

(a) How many degrees apart is each pair sioned? | 
of adjacent holes? l0. Refer to Figure 10:11. Why is the radius 

(b) How many millimetres apart, meas- size in each case not placed between the 
ured along the bolt circle, is each pair arrowhead on the leader and the centre 
of adjacent holes? Round off your of the radius? 


answer to the second decimal place. 
5. What does 50 B.C. mean? 


6. At what angle is a leader drawn when it is 
used to dimension a 90° arc? 
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UNIT 2 


To dimension semicylindrical exterior features 
A semicylindrical exterior feature is dimensioned by locat- 
ing its centre and by providing its radius. 

When a semicylindrical feature forms part of one or more 
of the overall dimensions of an object, those overall dimen- 
sions that include the semicylindrical feature are usually 
omitted. 

Examples of this dimensioning principle are shown in 
Figures 10:14, 10:15, and 10:16. 


i. Parts that have one semicylindrical exterior feature 












THE OVERALL HEIGHT 


FIG. 10:14 DIMENSION IS UNNECESSARY. _| 


|. THE OVERALL LENGTH AND WIDTH 2. THE OVERALL HEIGHT AND WIDTH 
DIMENSIONS ARE UNNECESSARY. DIMENSIONS ARE UNNECESSARY. 





FIG. 10:15 


2. Parts that have two or three semicylindrical exterior 
features 


|. ALL OVERALL DIMENSIONS ARE UNNECESSARY. 2. ALL OVERALL DIMENSIONS ARE 
| FIG. 10:16 UNNECESSARY. 
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REVIEW QUESTIONS 


. Neatly sketch the orthographic views of a 


part that has the following characteristics. 
Sketch the part full size. 


Flange —85 mm diameter x 20 mm 
thick 
Hub —48 mm diameter x 45 mm 


long with an 8 mm diame- 
ter hole through both sides. 
The hole is located 20 mm 
in from the end of the hub. 
Bore —23 mm diameter 
Dimension the views of the part according 
to the dimensioning information in this 
chapter and the preceding one. 


. Determine dimensions A, B, C, and D in 


this drawing. 





3. Determine dimensions A, B, C, D, and E in 
this drawing. 





4. Determine dimensions X, Y, and Z in this 
drawing. 


G13 — 4 HOLES 


9i 
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SLOT 8 WIDE x 3 DEEP 


% 13 THROUGH 


SHIFTER ONE SIDE ONLY 


SCALE I:1 


70 A/F 


CENTRE SPINDLE 
SCALE I:1 





SPINDLE INDEX 
SCALE 1|:2 





@ 25—6 HOLES 


DRIVE COUPLING | 
. SCALE 1:2 : 
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| DIMENSIONING PROBLEMS _ 


@ 58 - 2 HOLES 


@ 185 





SPACER ARM 
SCALE 1|:2 TIMING LEVER 
SCALE 1:5 






ROUNDS AND FILLETS R5 


eS 


| 79.4 
FILLETS R20 — 
79.4 
I 


D 153 


rte 






© 20 
2 HOLES 


% 6 - 4 HOLES 
064 ON 102 B.C. 


DRIVE PLATE 
SCALE 1:1 


PILLOW BLOCK ~ 
SCALEI:1 
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Detail Working-Drawings 
and the Elements of 


Mechanical Mar 











Up to this point you have studied and applied the basic 
principles of orthographic drawing and dimensioning. In 
doing so, you have had the opportunity to acquire some of 
the skills associated with lettering and the use of the basic 
drawing instruments. 

In this chapter you will learn how to prepare detail work- 
ing-drawings, one of the types of drawings used for manu- 
facturing purposes. The preparation of detail working-draw- 
ings involves the study and the application of many 
mechanical manufacturing terms, principles, and processes 
that form a very important part of technical drawing. 


UNIT | 


Technical drawings that are used as plans for building or 
manufacturing purposes are called working-drawings. The 
field of technical drawing consists of many areas of special- 
ization. Each area, because of its special needs, has devel- 
oped its own drawing standards and conventions and, 
therefore, its own particular methods of preparing working- 
drawings. 

The major areas of technical drawing specialization are 
machine drawing, sometimes called mechanical drawing, 
and architectural drawing. Other areas of specialization are 
electrical, structural, piping, and sheet-metal drawing. 

In this chapter many of the fundamentals associated with 
the preparation of working-drawings, as used by the 
mechanical manufacturing industries, are studied. The 
preparation of architectural worse: drawings is discussed 
in Chapter 23. 


Working-Drawings 
Two types of working-drawings are used in connection with 


machine drawing—detail working-drawings and assembly 
working-drawings. 
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DETAIL WORKING-DRAWINGS 
A detail working-drawing is a technical drawing of a single 
part of a machine or mechanism. It provides sufficient infor- 
mation to allow the part to be made. Detail working-draw- 
ings, therefore, serve as guides to enable skilled workers, 
using tools and machines, to convert raw materials into the 
individual parts of machines and equipment. 

A detail working-drawing fulfils three important func- 
tions: 


|. It describes the shape of a single part. 
2. It provides the dimensional sizes of the part. 


3. It provides any additional information, in the form of one 
or more notes, that is required to produce the part. 


_ 6.83 
A = | 6.78 
36°-I0 SPLINES OIL HARDEN AND TEMPER TO ROCKWELL 50C 


+0°-2' £ ACCORDING TO HEAT TREATING GENERAL 
; 44.40 SPECIFICATION NO. 1942-12-12. 
1) . 


44.37 
34.93 REMOVE ALL BURRS AND SHARP EDGES. 


d 34.87 
SECTION A-A SECTION B-B 


———- 50—— 
LENGTH 


= 


15 
EFFECTIVE 
_ is x 45° 


3 x @50 - BOTH voetl. on? 
M70 x l2 AMERICAN STANDARD 


GENERAL PURPOSE ACME 
THREAD - LEFT HAND 


THIRD ANGLE 


METRIC DIMENSIONS ARE IN MILLIMETRES. 
E. P RYERSON MACHINE ING. | LE POWER TRANSMISSION SHAFT ven UP 09 mm. =0 S.W. PEARCE | DWG. NO. 
; ver 100 up to 300 mm_= +0. 
te me Se || DATE APRIL 28/83 . 
) | NER susemegim 282 [bare [apaizees_| PT-2-12 
Islington, Ontario, Canada S.A.E. 3640S HOT-ROLLED STEEL | DO NOT SCALE DRAWING OverSangies 208° | SCALE 


FIG. I:| A DETAIL WORKING-DRAWING 





ASSEMBLY WORKING-DRAWINGS 

An assembly working-drawing is one that shows the indi- 
vidual components of a machine or mechanism assembled 
to make a complete unit. The preparation of assembly 
working-drawings is studied in Chapter |7. 





To signify that a drawing has been prepared in either third- 
angle or first-angle projection, the use of ISO (International 
Organization for Standardization) projection identity sym- 
bols is becoming common practice in North America. 
lf a drawing is prepared by means of third-angle projec- 
tion, the third-angle projection identity symbol is displayed 
on the drawing with the caption “Third Angle’ lettered 
below it. | 
lf a drawing is prepared by means of first-angle projec- 
tion, the first-angle projection identity symbol is displayed 
on the drawing with the caption ‘’First Angle’’ lettered 
below it. 
some of the working-drawing problems in this and later 
chapters require the appropriate ISO projection identity 
symbol to be displayed. Figure 11:2 provides suggested 
sizes for these symbols. In industry, standard-size drawing 
sheets usually have the projection symbols preprinted in or 
near the title block. See Figure I1:1. 





DO NOT SHOW SUGGESTED : 
SIZES ON WORKING DRAWINGS. 


a 


@ 10 @ 20 


THIRD ANGLE FIRST ANGLE 


| FIG. 11:2 ISO PROJECTION IDENTITY SYMBOLS 


REVIEW QUESTIONS 





i. Define the following terms: 
(a) detail working-drawing 
(b) machine drawing 
(c) assembly working-drawing 

2. What purpose does a detail working-draw- 
ing serve? 

3. List the names of four automobile engine 
parts that would have to be made from 
detail working-drawings. 

4, Why are ISO projection identity symbols 
frequently shown on detail working-draw- 
ings? 7 
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5. Suggest another area of technical drawing 
specialization in addition to those listed at 
the beginning of this chapter. 

6. Refer to Figure |1:1. Explain why the draw- 
ing is a detail working-drawing. 

7. Refer to Figures |i:| and 17:1. How do 
these drawings essentially differ? 


UNIT 2 
The Elements of Mechanical Manufacturing 


In order to design and prepare working-drawings of 
machine parts and mechanical equipment, it is essential 
that machine designers and draftspersons be knowledge- 
able about the following areas of mechanical manufactur- 
Ing. 

e Primary production processes 

e Secondary production processes 

e Production materials 


The balance of this chapter is devoted to many of the ele- 
ments of these areas of mechanical manufacturing. It will 
acquaint you with some of the basic terms, methods, and 
concepts used in the manufacture of parts and products. 
This, in turn, will make the preparation of detail working- 
drawings more meaningful and more realistic. 


_Primary Production Processes 


A primary production process is one that gives a part its 
basic or characteristic shape. The most common primary 
production processes are: 


I. Machining 4, Cold forming and hot forming 
2. Casting 5. Stamping 
3. Forging 6. Welding 


When a machine part is being designed, the designer must 
know which primary production process is best suited to 
produce the part quickly, efficiently, and at the least cost. 
When the detail working-drawing of the part is complete, it 
implies, or states directly, what primary production process 
is required to produce the part, or at least to produce its 
basic or characteristic shape. - 

The following principal considerations must be taken into 
account when selecting a primary production process: 


e The shape of the part 
e Its end use 
e The quantity of parts to be produced 


Any process that involves removing metal by means of 
machine-powered cutting tools is called machining. The 
machines used for this purpose are called machine tools. 
Machine tools are the most important pieces of equipment 
in any industrial plant. Without them manufacturing would 
be impossible. | 
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LATHE 


There are many types, styles, and sizes of machine tools 
designed specifically for cutting metal. The one that is most 
versatile and most commonly used in production is the 
lathe. 

Cylindrical parts are usually machined to shape on an 
automatic or semi-automatic lathe. The raw material is held 
between centres or in-a chuck, as shown in Figures 11:3 
and 11:4 and is rotated. As it turns, one or more cutting 
tools remove material to form exterior or interior contours. 
Because the bar stock turns on its axis, machining on a 
lathe is frequently called turning. 





FIG. 11:3) ANON-PRODUCTION TYPE OF LATHE 
THAT REQUIRES A SKILLED MACHINIST 
TO OPERATE IT. THE WORK PIECE 
IS HELD IN A CHUCK. 


FIG. 11:4 MACHINING BEING DONE ON A PART 
HELD BETWEEN CENTRES 
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|. HAND-OPERATED TURRET LATHE 













6 TAPE-CONTROLLED, 


FIG. Il 


HIGH-PRODUCTION 
TURRET LATHE. 
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Figure I1:7 shows a typical high-production, totally auto- 
matic lathe known as a bar-chucking machine. Five pieces 
of raw material are loaded into the five tubes on the left and 
automatically fed to the five chucks in the head. Specially 
designed tooling enables one or more machining operations 
to be done at each of the five machining locations, with one 
part completed upon each revolution of the chucking head. 


Most lathes are of a horizontal design; that is, their 
machining axes are positioned parallel to the ground. For 
turning heavy parts, particularly those of large diameter, it is 
usual to make use of a vertical turret lathe (Figure 11:8). A 


§ 








p>» 


|. VERTICAL TURRET LATHE 2. MACHINING A LARGE JET ENGINE PART ONA | 


VERTICAL TURRET LATHE | 
FIG. 11:8 , 
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vertical turret lathe has a table on which the work piece is 
mounted. As the table rotates, the work piece turns with it. 
The lathe is equipped with a turret or ram head on which a 
variety of cutting tools can be installed. The head can be 
moved manually or automatically, and either horizontally or 
vertically, in order to machine various surfaces of the work 
piece as it rotates. 


Many parts have non-cylindrical shapes that cannot be 
turned on a lathe. In fact, many have such intricate shapes 
that they cannot be machined from solid stock. Many cylin- 
drical parts that could be machined from solid stock would 
be too expensive if produced by that method. Machining 
such parts is too time-consuming and it involves too much 
waste material. In addition, thousands of items, regardless 
of their shapes, are made of non-metallic materials. These 
materials are unsuited to any of the machining processes. 

For whatever reasons, it is frequently necessary to use 
one of the many casting or moulding processes that are 
available in order to obtain the characteristic shape of a part. 
Three of the most commonly used are dealt with in this 
section: 


e Sand casting e Die casting e Injection moulding 


SAND CASTING 
The sand casting process consists, essentially, of pouring 
molten metal into a sand mould in which there is a 
preshaped cavity. Sand casting is done in that part of a plant 
known as the foundry. 
The following figures (I1:9 to 11:15) provide a step-by- 
step explanation of basically what is involved in the sand 





2. PATTERN IS MADE IN TWO HALVES BY A 
Bee PATTERN-MAKER. DOWELS ENSURE PROPER 


ALIGNMENT OF THE HALVES. CORE PRINTS 
I FIG. 11:9 FORMPARTOFTHEPATTERN, 
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casting process. Note that the part used for illustration 
purposes is cylindrical and that it could be machined to 
shape from solid stock on a lathe. You can see that this 
would involve considerable waste, particularly if a large 
quantity of these parts were to be produced. Consequently, 
it is more economical to obtain the characteristic shape of 
the part by the sand casting process and then to machine it 
to its final shape on a lathe. 










MOULDING | 
SAND | 
LOWER HALE | 

_| OFMOULD | 
(DRAG) | 









MOULDING | 
BOARD >= 


HALF OF PATTERN WITHOUT DOWELS IS PLACED ON MOULDING BOARD. SAND IS 
RAMMED AROUND IT. 









I FIG. 1:10 


LOWER HALF OF MOULD IS REVERSED. HALF OF PATTERN WITH DOWELS IS PLACED IN 
rig. POSITION 


TOP HALF | 


ASSEMBLED MOULD me : a * ets ae ae “| —eeeeeee| OF MOULD : 
IS CALLED A FLASK. ee eee fy URS (COPE) | 


TOP HALF OF MOULD IS PLACED IN POSITION. SAND IS RAMMED AROUND TOP HALF 
A FIG. II:12 OF PATTERN. 
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MOULD IS SEPARATED AND HALVES OF PATTERN ARE REMOVED LEAVING A CAVITY IN EACH HALF OF MOULD. 
» FIG. 11:13 


GATE } RISERS | 


BAKED SAND CORE 


MOULD IS REASSEMBLED WITH CORE IN PLACE. GATE FOR ENTRY OF MOLTEN METAL 
AND RISERS FOR ESCAPE OF GASES AND METAL OVERFLOW HAVE BEEN PREPARED IN 
TOP HALF OF MOULD. METAL IS POURED INTO MOULD CAVITY AND ALLOWED TO 
SOLIDIFY. 


| FIG. 11:14 


|. CASTING IS REMOVED FROM MOULD 2. CORE IS BROKEN OUT LEAVING 
WITH CORE IN PLACE. CENTRE HOLE. CASTING IS THEN 
MACHINED TO THE FINISHED SIZES 
CALLED FOR ON THE DETAIL 
WORKING-DRAWING. 





| FIG. 11:15 
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DISC BRAKES 


3. MOTORCYCLE ENGINE BLOCK 


PASTING 





FIG. 11:17 MOLTEN METAL BEING POURED INTO SAND MOULDS IN THE FOUNDRY 


DIE CASTING 
In the die-casting process accurately machined steel 


moulds, usually called dies, are used in place of sand 
moulds. Metals such as brass, tin, lead, magnesium, alumi- 
num, and zinc are forced into the dies by air pressure or 
hydraulic pressure. Water is circulated through the dies to 
cool them so that the molten metal can harden and the 


parts can be ejected quickly. 
Very complex shapes can be produced by die casting. 


The dies used are accurately machined and smoothly fin- 
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ished. This produces parts that are crisp and clean in 
appearance, have very smooth surfaces, and are dimen- 
sionally very accurate. As a result, die-cast parts require 
little or no machining. 


DIE COMPARTMENT : ee 

DIE IS OPENED AND CLOSED | FURNACE (NOT SHOWN) 

AUTOMATICALLY TO RECEIVE A SEPARATE FURNACE CONTAINS} 

MOLTEN METAL AND TO EJECT } THE MOLTEN METAL WHICH IS OPERATE THE DIE AND TO 
|FINISHED PARTS ONTO A : METERED TO THE DIE THROUGH | , DELIVER MOLTEN METAL 
{CONVEYOR BELT AT THE REAR} THE END-FRAME HOLES. TOIT. 


SRP LAN ACS ENT REL Tape AVAL ATP TAPE SEY 


3 
$ 
$ 
: 
$ 
i 


FIG. 11:18 DIE-CASTING MACHINE. 





Il. MISCELLANEOUS HARDWARE ITEMS 
| FIG. 11:19 EXAMPLES OF DIE-CAST PARTS 


INJECTION MOULDING 

Injection moulding is one of several moulding processes 
used to shape non-metallic parts made of plastics. Like die 
casting, it involves the use of metal dies which are mounted 
| in machines similar to the one shown in Figure 11:20. 

Raw plastic resin, usually in pellet form, is fed from the 
hopper into the spaces. between the vanes of a rotating 
| screw. Refer to Figure 11:21. As the resin is pushed to the 
) front of the screw by the rotating vanes, it is plasticized by a 
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heating coil. At the appropriate moment, and by means of a 
series of automatic controls, the screw stops rotating and is 
forced backwards by the pressure of the built-up resin at 
the front of the screw. When the die is closed, the screw is 
moved forward by two hydraulic cylinders. This forces 
(injects) a predetermined amount of plasticized resin (a 
shot) through the nozzle into the die. 

Solidification of the plasticized resin in the die may take a 
few seconds or a few minutes, depending on the quantity 
of resin involved. When solidification occurs, the die opens 
automatically and ejector pins push the moulded part or 
parts out of the die onto a conveyor belt or into a receptacle 
located below the die compartment. The die is then closed 
and the machine repeats the moulding cycle. 



















| FIG. 11:20 INJECTION MOULDING MACHINE USED TO MOULD RELATIVELY SMALL PARTS 
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: FIG. 1:21) INJECTION MOULDING SEQUENCES 





0G 









LEGEND 


DIE COMPARTMENT 


. FEED SCREW, HEATING 


COIL, AND SHOT NOZZLE 


. HOPPER 
. HYDRAULIC 


SYSTEM 
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3. Forging 





In the forging process, metal is shaped by hammering it 
after it has been heated to a required temperature. Heating 
the metal makes it more pliable and, therefore, easier to 
work. It also prevents breaking, or fracturing. 

some forging is still done manually, using a hammer and 
an anvil. However, production forging operations use forg- 
ing presses. The hammering takes place between the 


halves of preshaped dies. An example of a forging press 
can be seen in Figure 11:23. 


FORGING DIES 

Forging usually requires more than a single operation to 
shape a part. Consequently, more than one die must be 
used in sequence to forge a part to its finished shape. 
Sometimes it is possible to design a forging die that com- 
bines several die cavities. At other times, because of the 
shape of a part, individual dies must be designed and built 
for each shaping operation. 

Figure 11:24 shows a forging die that incorporates all of 
the operations that must be performed in order to shape an 
automobile connecting rod. The only operation this die does 
not perform is the trimming of the flashing, which is done 
by a separate trimming die. 


FIG. 11:23. FORGING PRESS 
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THE DIE INCORPORATES 
ALL SHAPING OPERATIONS. 


FIG. 11:24 FORGING OPERATIONS US 












































| FINISHED FORGING. | 
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Figure |1:25 shows the forging sequences required to 
shape a crankshaft. The raw material begins as a square 
cross-sectional bar of metal of a given length. After several 
shaping operations the crankshaft obtains its characteristic 
contours and is ready to be machined to the final shape 
called for on the detail working-drawing. 


WHY PARTS ARE FORGED 

Parts that will be exposed to abnormal loads and stresses 
are usually forged to provide them with increased strength 
characteristics. 

When metal is rolled at the steel mill it acquires a direc- 
tional grain structure similar to that of wood. When cutting 
tools are used they cut across the grain of a metal, causing 
inherent weakness, particularly at corners. This, of course, 
makes the machining process unsatisfactory for many 
parts. Forging, however, does not disturb the directional 
grain structure of a metal but actually preserves it. 

Assume that a wrench has been machined from a piece 
of flat stock, as shown in Figure I|:26. The removal of 
metal during the shaping process would necessitate cutting 
across the grain of the metal, thereby reducing the strength 
of the wrench considerably. Forging the wrench to shape, 
however, would maintain the uninterrupted directional 
structure of the grain, ensuring a much stronger wrench. 


|. WRENCH CUT FROM FLAT STOCK. CUTTING ACROSS THE GRAIN OF THE METAL 
PRODUCES WEAK AREAS, PARTICULARLY AT CORNERS. 


2. WRENCH SHAPED BY FORGING. FORGING LEAVES THE GRAIN STRUCTURE OFTHE 3. ENLARGED PHOTOGRAPH SHOWING THE 
METAL UNINTERRUPTED, THEREBY ELIMINATING WEAK AREAS. CONTINUOUS GRAIN FLOW OF AN 
ACTUAL FORGED PART. 





| FIG. 11:26 
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4. Cold Forming and Hot Forming 


Cold forming and hot forming are shaping operations in 
which solid metals are forced to flow under pressure within 
the confined areas of preshaped die cavities. No hammer- 
ing Is required. 

Small parts that are made from relatively soft steels or 
from certain grades of brass, copper, and aluminum can be 
shaped in the cold state. Large parts and parts that have 
intricate shapes frequently have to be heated to high tem- 
peratures to ensure that the metal will flow readily to all 
parts of the die. 

Figure 11:27 shows a simple part that could be shaped by 
either cold forming or hot forming, depending on its size. 
The raw material is held firmly in the die. The heading tool 
forces part of it to assume the large cylindrical shape that 
has been built into the die. 


HEADING TOOL | 


FIG. 11:27 FORMING A SHAPE BY SQUEEZING METAL HELD IN ADIE 


|. STEEL BRAKE 2. STEEL CLAMP SCREW, 3. STEEL HINGE PART 4. NICKEL-SILVER RIVET 
ADJUSTING CAM ZINC-PLATED FORMED FROM FOR FOOD COUNTERS 


| FIG. 1:28 TYPICAL COLD-FORMED PARTS EEA NG EAA BE 





_5. Stamping — 


Thousands of manufactured parts are seeped ‘isp 7 
stamped out of sheet metal. Here again the principle of 
preshaped dies mounted in presses is used. Flat sheet- 
metal stock is placed into, or passes through, one or more - 


HO 


dies. The shape built into the dies is transferred, by press- 
ing or cutting action, to the raw material. Parts made from 


sheet metal often require more than one stamping opera- 
tion to be completed. 


Refrigerator panels, stove panels, automobile body parts, 
toasters, pots and pans, knives, forks, and spoons are a few 
examples of items that receive their shapes by means of 


stamping dies. Figures 11:29 to 11:32 illustrate stamping 
Operations. 


Completed silver- 


plated spoon 





THE DIE PERFORMS 8 OPERATIONS IN ORDER 
TO PRODUCE 2 FINISHED PARTS. 





FIG. 11:31 VIEW OF A DIE, STRIP STOCK, 
AND FINISHED PARTS 


) FIG. 11:30 PRESSES USED TO STAMP OUT LARGE PARTS 





| FIG. 11:32 DIE MAKER IN THE PROCESS OF MOUNTING A STAMPING DIE ON THE 








HALVES OF A DIE SET 


Welding is a method used to join metal pieces. Localized 
areas of the pieces are melted, intermingled with a joining 
metal, and then cooled. Welding is commonly used to join 
lengths of pipe, as well as the parts of steel structures and 
storage tanks. The welding process is also frequently used 
to make machine parts when the number to be made Is too 
small to justify the cost of sand casting or forging them. 
Because welding enables parts with high strength proper- 
ties to be produced, it is frequently used as a primary pro- 
duction process. Parts produced by the welding process are 
called weldments. 

Figure 11:33 shows a simple machine part designed as a 
sand casting. If, for some reason, the sand casting process 
cannot be used, the part could easily be redesigned as a 
steel weldment. The weldment will be stronger than the 
sand casting and will be cheaper to produce as long as the 
number of parts to be made is not too great. 


i 





|. PART AS A SAND CASTING 
FOR WELDING 


| FIG. 11:33 


REVIEW QUESTIONS 


i. Define the following terms: 
(a) machine tool (e) turning 
(b) machining (f) primary produc- 
(c) turret lathe tion process 
(d) vertical turret 
lathe 


2.What characteristic of parts usually 
makes them suitable for lathe produc- 
tion? 


3. Why is it necessary to machine some 
parts on a vertical turret lathe? 


4, List three reasons why many machine 
parts must be cast in a mould. 


5. In what essential ways do sand casting 
and die casting differ? 


6. Why is it necessary to make a pattern for 
a sand casting? 


7. What purpose does a core serve? 


UNIT 3 
secondary Production Processes 





2. PARTS OF WELDMENT SHAPED AND READY 3. STEEL WELDMENT. HOLES ARE MACHINED 


AFTER WELDING FOR GREATER POSITIONAL 
ACCURACY. 


8. Why is it necessary to heat the raw mate- 
rial that is used in the injection moulding 
process? 


9. What types of materials are formed by 
the injection moulding process? 


10. How do the processes of forging, cold 
forming, and hot forming differ? 


li. Why are parts forged? 


12. List four common items that are stamped 
from sheet metal. 


13. What is usually the deciding factor when 
stamping is chosen as a primary produc- 
tion process? 


14. What is a weldment? 


15. Why is welding often selected as a pri- 
mary production process? 


A secondary production process is any secondary shaping 
or finishing operation that is performed to complete a part 
according to the specifications called for on its detail work- 
ing-drawing. Most secondary production processes involve 
the use of cutting tools to remove material. These opera- 
tions are performed by machine tools on parts whose basic 
shapes have been obtained by sand casting, forging, or 
welding. 
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|. Drilling 


A drilled hole is a cylindrical feature that has been formed in 
solid material by means of a twist drill or drill bit. Drilling is 
not a very accurate machining operation. Holes, therefore, 
are usually drilled to provide clearance for bolts, screws, 
cotter pins, and rivets. Figures 11:34 and 11:35 show a 


drilling machine and examples of twist drills. 





DRILLING MACHINE 2. DRILLING WITHA 
TWIST DRILL 


FIG. 11:34 


FIG. 11:35 2. TAPER SHANK TWIST DRILL BIT 
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|. BLIND-DRILLED HOLE 2. THROUGH-DRILLED HOLE 
FIG. 11:36 





A blind-drilled hole is one that is drilled into the material 
but not all the way through it. A through-drilled hole passes 
right through the material. See Figure 11:36. 


To draw a blind-drilled hole 

It is standard practice when drawing a blind-drilled hole to 
include the tapered portion of the hole that is made by the 
point of the twist drill. See Figure 11:37. Note that this 
portion of a blind-drilled hole is not part of the specified 
depth of the hole. 





a 
. f 


|. ACTUAL POINT ANGLE OF MOST 2. POINT ANGLE USED FOR DRAWING PURPOSES 3. COMPLETED HOLE 
TWIST DRILLS 


FIG. 11:37 


To dimension drilled holes 

As a general rule, cylindrical holes on detail working-draw- 
ings are assumed to be drilled holes unless their sizes are 
other than standard drill sizes or the required degree of 
accuracy is greater than that which can be obtained by 
drilling. Figure 11:38 shows how drilled holes should be 
dimensioned. 


DI3.5 x 30 DP. 


1. THROUGH 2. BLIND 





: FIG. 11:38 METHODS OF DIMENSIONING DRILLED HOLES 





A reamed hole is a cylindrical hole that has been finished 
accurately to shape and size with a cutting tool called a 
reamer. Reaming requires that an undersize hole be drilled 
first. Following this a reamer is passed through the drilled 
hole to enlarge it accurately to shape and size. The reamer 
removes only a few hundredths of a millimetre of material. 
see Figures 11:39, 11:40, and I1:4l. 





FIG. 11:39 REAMING ON ALATHE 


Lié 


|. STRAIGHT SHANK REAMER 


2. TAPER SHANK REAMER 





| FIG. 11:40 


To draw a reamed hole 

On detail working-drawings reamed holes look exactly like 
drilled holes, whether they are blind holes or through holes. 
Of course, a blind-reamed hole, like a blind-drilled hole, 
must include the shape left by the pointed end of the twist 
drill. Refer to Figure |1:37 on page I15. 


To dimension reamed holes 

Cylindrical holes that have diameters of 50 mm or less and 
that must be more accurate than drilled holes of the same 
size are usually reamed. Because of the need for greater 
accuracy, the diameter specifications of reamed holes indi- 
cate the maximum and minimum size limits of the hole 
involved. Figure 11:42 provides examples of such specifica- 
tions. The size limits 40.00 and 40.05 apply to the diameters 
of the holes only. This is the designer's way of indicating 
that the size of the two holes in each part cannot exceed 
40.05 mm diameter or be less than 40.00 mm. In other 
words, the shop has a leeway, commonly called a toler- 
ance, of 0.05 mm within which to work. Parts with holes 
machined larger or smaller than the size limits called for 
would, of course, be rejected. 


40.00 
P 4005 x 60DP. 


2 HOLES 


| UNDERSIZE | 
| [DRILLED HOLE. | 


|| REAMER CUTS 
|| THE SIDE. 


1. BLIND-REAMED HOLES 2. THROUGH-REAMED HOLES 


| FIG. 11:42 





| FIG. 11:41 | 
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3. Boring 





A bored hole Is a cylindrical hole that has been machined to 
its finished size, usually on a lathe with a boring tool. The 
process of boring consists of enlarging an existing cylindri- 
cal hole to a predetermined size. 

Boring is performed on internal cylindrical features of 
parts that cannot be conveniently finished to size with a arill 
or a reamer. Holes in castings and forgings are frequently 
made undersize and then bored to their finished sizes. Bor- 
ing tools and operations are illustrated in Figures I1:48, 
11:44, and 11:45. 


FIG. 11:43. TYPICAL BORING TOOLS 


FIG. 11:44 BORING OPERATIONS 


Counterboring consists of enlarging an existing cylindrical 
hole uniformly to a required depth. This permits parts to sit 
below the surface in order to improve the overall appear- 
ance of an object or to promote safety, or because of space 
limitations. 


ils 











FIG. [1:45 BORING ON A LATHE 


Counterboring is usually done with a counterboring tool 
equipped with a pilot. The pilot ensures that the counter- 
bored portion of a hole is machined concentrically with the 
existing hole. See Figure 11:46. 


To draw a counterbored hole 


COUNTERBORE COUNTERBORE 
DIAMETER DEPTH 





au 
| | | 


FIG. 11:46 COUNTERBORED HOLE : 


L FIG. 11:47 








| FIG. 11:48 
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A spotface is similar to a counterbore, except that the 
enlargement of the existing cylindrical hole is kept very 
shallow. Spotfacing provides a localized machined area, 
usually around the end of a cylindrical hole, against which 
parts can sit squarely. Spotfacing is a machining operation 
reserved primarily for parts that have rough surfaces, such 
as sand castings and forgings. See Figure 11:49. 


To draw a spotiaced hole 





DEPTH OF SPOTFACE 

| MAKE DEPTHITOL.5mm_ | 
a WHEN DRAWING FULL-SCALE. | 
DIAMETER q anna greene ae ar SOT ee oro 3 





| FIG. 11:49 SPOTFACED HOLE 


| FIG. 11:50 





To dimension a spotfaced hole 


| UNLESS IT IS IMPORTANT | 
| OMIT DEPTH. IT IS USUALLY f 
| LEFTTOTHESHOP. | 


| FIG. 11:51 
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6. Countersinking 





Countersinking is a machining operation that bevels the 
edge of a cylindrical hole to accommodate the tapered 
shoulder of a part. Like counterboring, countersinking is 
usually done to improve appearance, to promote safety, or 
because of space limitations. See Figures 11:52 and 11:53. 


AVAILABLE ANGLES 
60°-82°-90°-100° 





ge 5 a — : ~ 


FIG. 11:52 COUNTERSINKING BEING DONE 
ON A DRILLING MACHINE 


2. FLAT HEAD SCREW WITH 
TAPERED SHOULDER 
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|. COUNTERSUNK HOLE 
| FIG. 11:53 





To draw a countersunk hole 





FOR DRAWING 
PURPOSES MAKE 
82° COUNTERSINKS 90°. 


FIG. 11:54 |. USING ANGLE AND DIAMETER 2. USING ANGLE AND DEPTH 


I2i 





To dimension a countersunk hole 


D 25 - 82°CSK. 50 D 25 - 82°CSK.7DP. 


|. ANGLE AND DIAMETER 2. ANGLE AND DEPTH 
FIG. 11:55 





7. Knurling. 





Knurling is a machining operation that produces a rough 
surface to provide a non-slip grip for the hand. 

Knurling is done on a lathe with a knurling tool that is 
equipped with coarse-pitch, medium-pitch, or fine-pitch 


KNURLING | — REVOLVING | 
TOOL | | HEAD | 





1. REGULAR HEAD 


REVOLVING HEAD | 
FIG. 11:57. KNURLING TOOLS 
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knurls. Straight or diamond knurling patterns can be pro- 
duced. Figures 11:56 and I1:57 illustrate the knurling opera- 
tion and the tools involved. Examples of knurled surfaces 
can be seen in Figure 11:58. 
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2. MICROMETER CALIPER 


|. CENTRE PUNCHES 
| FIG. 11:58 TYPICAL USES OF KNURLED SURFACES 


To draw knurling patterns 
On a detail working-drawing it is not necessary to show the 
knurling pattern over the complete area of a knurled sur- 
face, unless the area is very small. A patch of knurling in 
opposite corners of a surface is usually sufficient to indicate 
that the surface is to be diamond-knurled. A few straight 
lines at each edge of a surface to be knurled are usually 
sufficient for straight-pattern knurling. See Figure 11:59. 





SPACING INCREASES } 
TOWARDS CENTRE. | 


|. DIAMOND PATTERN 2. STRAIGHT PATTERN 


| FIG. 11:59 
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0 35 : 
FINE STRAIGHT 7 
KNURL 


i COARSE DIAMOND KNURL 
| FIG. 11:60 


8, Chamfer 


A chamfer is a bevelled edge. Chamfers are often used to 
eliminate the sharp edges on parts that must be handled 
manually. Chamfers also allow parts to be assembled eas- 
ily. The pin in Figure 11:61 has chamfered ends. 

Chamfers can be any width and can slope at any angle. 
Angles of 30°, 45°, and 60° are common. 


| FIG. 11:61 CHAMFERED PIN 


To dimension chamfers 


op 


ae 


| FIG. 11:62 45° CHAMFERS 


3 
| FIG. 11:63 30° AND 60° CHAMFERS 
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9. Undercuts 





An undercut is a groove that is located between two adja- 
cent exterior diameters. Undercuts facilitate the machining 
or finishing of cylindrical features. They are also used to 
ensure the proper assembly of parts. The uses of undercuts 
are shown in Figures 11:64 and 11:65. 











PART ROTATION | 





|. THE UNDERCUT PROVIDES A SPACE WHERE THE 2. THE UNDERCUT ALLOWS DIAMETER “A” TO BE 
TOOL BIT CAN BE STOPPED BEFORE IT GROUND WITHOUT THE GRINDING WHEEL 
CONTACTS THE FLANGE. THE UNDERCUT CONTACTING THE VERTICAL FACE OF THE 
ALLOWS THIS TO BE DONE WHILE THE PART IS FLANGE. 
ROTATING. 


| FIG. 11:64 UNDERCUT USED TO PROVIDE CLEARANCE FOR CUTTING TOOLS 





|. PERFECTLY SHARP INTERNAL CORNERS 2. THE UNDERCUT PERMITS THE CORRECT 
CANNOT BE MACHINED. THERE IS ALWAYS A ASSEMBLY OF PARTS. 
SLIGHT RADIUS THAT PREVENTS THE CORRECT 
ASSEMBLY OF PARTS. 


FIG. 11:65 UNDERCUT USED TO PROVIDE CLEARANCE FOR ASSEMBLY PURPOSES 


lO. Heat Treating 


Many machine parts that are made from steel and iron have 
to be heat treated in order to provide them with certain 
essential characteristics. Such characteristics include hard- 
ness, softness, toughness, and flexibility. 

Heat treating is also frequently done to all kinds of metal 
parts to reduce the stresses that are produced in the metal 
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during machining, rolling, forging, and other mechanical 
manufacturing operations. 

Heat treating consists, essentially, of heating parts to a 
specified temperature and then cooling them in a controlled 
manner. This alters the physical properties of the metals 
from which they are made. Annealing, hardening, and 
tempering are common heat-treating processes. 





|. ELECTRIC 2. GAS-FIRED OR OIL-FIRED 


FIG. 11:66 HEAT-TREATING FURNACES 


ANNEALING 

Annealing involves heating a metal to a specified tempera- 
ture and then allowing it to cool very slowly under con- 
trolled conditions. Annealing is done to soften metal for 
machining purposes or to relieve stresses. 


HARDENING 

Hardening consists of heating a part to a predetermined 
temperature and then quickly plunging it into water, oil, 
brine, or cyanide. This alters the physical properties of the 
metal. Parts are hardened to make them strong or to enable 
them to resist wear. 


TEMPERING 

Tempering is a secondary heat-treating operation. A part, 
such as a spring, is first hardened and then reheated to a 
predetermined temperature. It is then cooled under con- 
trolled conditions to provide it with toughness and flexibil- 


ity. 
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. Milling and Grinding 





Although turning is perhaps the most widely used of all 
machining operations, it does have certain limitations. | 
Unless parts can be rotated on their axes, they cannot be 
turned on any type of turning machine, such as a lathe or 
chucking machine. Most flat surfaces and non-cylindrical 
features of parts (e.g.,straight grooves and angled contours) 
cannot be turned. Such features must be milled on either a 
horizontal or a vertical milling machine, or on one of the 
computerized machining centres that are now widely used. 


HORIZONTAL MILLING 

A horizontal milling machine has an arbor which is horizon- 
tal. Cutters of any shape or size can be mounted, either 
singly or in groups, on the arbor. The work piece is clamped 
to the table of the machine and moves back and forth under 
the cutters as they rotate. Refer to Figure |1:67. 





] FIG. 11:67 CUTTING MULTIPLE SLOTS ON A HORIZONTAL MILLING MACHINE 
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VERTICAL MILLING 
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68 VERTICAL MILLING MACHINE 


FIG. I 
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Sh 








69 THIS COMPUTER-CONTROLLED MACHINING CENTRE CAN PERFORM ALL 


FIG. Il 


HORIZONTAL AND VERTICAL MILLING OPERATIONS. IT ALSO POSITIONS 


AND CHANGES THE CUTTING TOOLS AUTOMATICALLY. 
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SURFACE AND CYLINDRICAL GRINDING 

The accurate and smooth finishing of cylindrical features 
and of angular, flat, and grooved features is done by 
machine grinding. Surface grinding and cylindrical grinding 
are the two most commonly used production grinding oper- 


ations. Both types of machines and the grinding operations 
they perform are shown in Figures I|1:70 and I1: 71. 


|. ASURFACE GRINDER 2. USING ASURFACE GRINDER TO PRODUCE A 
FIG. 11570 SMOOTH, FLAT SURFACE 





J FIG. 11:71 FINISH GRINDING THE DIAMETER OF A CYLINDRICAL FEATURE ON A 
CYLINDRICAL GRINDER 
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|. How do primary and secondary produc- 


tion processes differ? 


2. How do drilling, reaming, and boring 
differ? 


3. How can a reamed hole be identified ona 
detail working-drawing? 


4, Why are cylindrical holes counterbored or 
countersunk? For what purposes? 


5. Why are cylindrical holes spotfaced? 
6. Which of these two holes requires a 


greater degree of accuracy? Explain why. 





35 x 30 DP. 


ing-drawing as shown below. Explain 
what the dimension figures mean to any- 
one reading the drawing. 





UNIT 4 
Additional Terms and information 


I. KEYWAYS AND KEYSEATS 






7. A hole is dimensioned on a detail work- 





g.A hole on a detail working-drawing is 
dimensioned as shown below. Explain 
what the dimension figures mean and 
state the type of machining operation 
required to finish the hole. 








$30 - 60° CSK. 5 DP. 





9. Why are some features of parts knurled? 
lo. Why do some parts have chamfers? 
li. What is an undercut? 


12. State the two primary purposes of under- 
cuts. 


13. List four reasons why machine parts are 
heat treated. 


14. What does heat treating basically in- 
volve? 


I5. How does tempering differ from harden- 
ing and annealing? 


I6. Why are some machine parts hardened? 


17. Why are the features of some machine 
parts ground? 


is. Why must some machine parts have 
their features milled? 


Ig. How do surface grinding and cylindrical 
grinding differ? 


A keyway is a slot or recess cut into the side of a cylindrical 
hole parallel to the axis of the hole. A keyseat is a slot or 
recess cut into a shaft parallel to the axis of the shaft. 
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|. PLAIN SQUARE KEY _ 2. GIB KEY 


| FIG. 11:72 3. WOODRUFF KEY 





| FIG. 11:73 USE OF A PLAIN SQUARE KEY 


Keys, similar to those shown in Figure |1:72, fit into key- 
ways and keyseats. Keys enable parts, such as shafts and 
pulleys, to rotate together. — 

Keyways are shaped by broaches. A broach is a specially 
designed, chisel-type, metal-cutting tool with a number of 
teeth. The teeth successively remove more and more 
material as the broach is pushed through the work. The 
broach is guided by a bushing that fits into the hole in which 
the keyway is to be cut. Keyway broaching can be done on 
a keyway broaching machine or manually on an arbor press. 
See Figure 11:74. | 

Keyseats can be machined by production-type keyseat- 
ing machines or on a horizontal milling machine. The cutters 
used are shown in Figure 1|1:75. 
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3. BROACHING A KEYWAY IN A GEAR. 
NOTE THAT THE BROACH IS GUIDED 
BY ABUSHING THAT FITS INTO THE 
HOLE IN THE GEAR. 


| FIG. 11/74 
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|. ARBOR-TYPE 


FIG. 11:75 KEYSEAT CUTTERS 
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To dimension a keyway 

Keyways can be dimensioned in various ways depending 
on the dimensional accuracy involved. Figure I|:76 shows 
how a keyway is dimensioned when a standard commercial 
broach, of the type shown in Figure ||:74, is used. 


To dimension a plain keyseat 

In addition to the width and depth, it is also necessary to 
indicate the effective length of a plain keyseat. The radius at 
the end of the keyseat is made by the keyseat cutter and is 
shown. However, the size of the radius is not provided. See 
Figure |1:77. 


| | NOTE USE 76 ey | EFFECTIVE | 
| | oF LEADER | 8 WIDE x 4 DP. _tENGTH J 


KEY SEAT 


: FIG. 11:77 
To dimension a Woodruff keyseat 


NO. 607 WOODRUFF 
KEYSEAT 


PLACE NOTE AND LEADER 
TO SUIT AVAILABLE SPACE. | 


| FIG. 11:78 


2. BOSSES AND PADS 

Bosses and pads are raised surfaces found on sand cast- 
ings and forgings. The term “boss” refers to a circular, 
raised surface of a part. Raised surfaces not circular in 
shape are called pads. 

Pads and bosses are usually machined to provide bearing 
surfaces against which parts can sit squarely. The use ot 
pads and bosses eliminates the need to machine large 
areas of castings or forgings when only the areas around 
the ends of cylindrical holes are required to be flat and 
smooth. 








OTE USE | 


OF LEADER 


| FIG 11:79 


KEYWAY 


| FIG. 11:76 


2. CASTING WITH A PAD 


8 WIDE x 4 DP. 
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3. FINISH MARKS 

A finish mark is a symbol used to indicate that a surface 
(usually on a casting or a forging) must be machined. When 
making a pattern for a sand casting, the pattern-maker 
enlarges the pattern to provide extra material on those sur- 
faces that have to be machined. The extra material that is 
provided on the casting is called machining allowance. In 
the case of forgings, the dies are designed to provide 
machining allowance where required. 


To draw finish marks 

Finish marks are drawn thin and black. They are placed on 
the “‘air’’ side of a surface to be machined and in every view 
where a surface is shown as an object line or hidden line. 
Finish marks should be placed so that they do not conflict 


with other lines or information. See Figures |1:80 and I1:8I. | 





|. UPRIGHT 


| FIG. 11:80 HORIZONTAL SURFACES 


L: LERE 2. RIGHT 


| FIG. 11:81 VERTICAL SURFACES 
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2. INVERTED 








7 Ferrous Metals oe 
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|. What purpose do keys serve? 
2. What is the difference between a keyway 
and a keyseat? 
3. Define the following terms: 
(a) broaching 
(b) boss 
(c) finish mark 
(d) machining allowance 


UNIT 5 


The material from which a machine part must be made is 
usually selected by its designer. Regardless of who makes 
the decision, however, material specifications form a very 
important part of the information shown on a detail work- 
ing-drawing. 

There are hundreds of manufacturing materials available 
for designers to choose from. The material that is most 
Suitable for a particular part depends largely on the use that 
will be made of the part and on the conditions to which it 
will be exposed. Some characteristics that must be consid- 
ered prior to making a selection are listed below. 


e Availability e Wear resistance 

e Cost e Corrosion resistance 

e Workability e Strength 

e Stability e Ability to be further 

e Weight hardened or toughened 


e Machinability 


A few of the more common ferrous and non-ferrous metals 
used in mechanical manufacturing are dealt with in this 
section. 


A ferrous metal is one whose chief element is iron. Ferrous 
metals also have magnetic properties. 


PIG IRON 
Pig iron is the metal found in iron ore. It is produced from 
the ore during the initial refining process, which is done ina 
blast furnace. Pig iron is the basic coarse iron from which all 
types of irons and steels are made. 

Pig iron contains a number of undesirable elements and 
impurities, such aS manganese, silicon, phosphorus, sul- 
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THE ACTUAL BLAST FURNACE IS SITUATED AT THE REAR CENTRE. THE DOMED 
STRUCTURES ON THE RIGHT ARE THE SUPER-HEATING AIR STOVES. 


| FIG. 11:82 A BLAST FURNACE COMPLEX 
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phur, and particularly carbon. The amount of carbon in pig 
iron varies from 3.5 to 4.5%, which makes the iron very 
brittle. To make steel these elements are largely burned 
out, or oxidized, and the carbon content reduced to less 
than 1.0%. 


CAST IRON 
“Cast iron” is a general term that includes the specific 
types known as gray, white, chilled, malleable, and nodular 
cast iron. Each has particular physical properties that make 
it suitable for certain design or production applications. 
Essentially, every type of cast iron is an alloy of iron and 
carbon. The carbon content ranges from 1|.7% for the 
softest cast iron to 4.6% for the hardest and toughest. 
Every type of cast iron also contains varying amounts of 
silicon, Manganese, phosphorus, and sulphur, which are 
considered to be impurities. 
There are several grades of each type of cast iron. When 
a type and grade Is selected for a particular application, the 
type name and the grade number are specified on the detail 
working-drawing of the part, for example, No. 40 Gray Cast 
lron or No. 80-60-03 Nodular Cast Iron. 





|. ENGINE BLOCK 


FIG. 11:84 EXAMPLES OF PARTS MADE FROM GRAY CAST IRON. THIS TYPE OF 
CAST IRON IS COMMONLY USED FOR CASTING PURPOSES. 


STEEL 
Generally speaking, steel is iron that contains less than 
|.0% carbon. More specifically, steel is a highly refined form 
of iron that has special elements added to it to give it 
qualities of hardness, wear-resistance, toughness, and 
resistance to corrosion. Elements such as nickel, manga- 
nese, tungsten, and chromium are added to provide it with 
these properties. They are called alloying elements. 

Carbon is the second most important element in steel. 
The amount of carbon in a steel determines its hardness 
and Its ability to be hardened further. 


2. ENGINE HEAD 


3. INTAKE MANIFOLD 
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_ow-carbon steel is a relatively soft steel. It is often refer- 
red to as mild steel. It contains up to 0.50% carbon. High- 
carbon steel, on the other hand, is hard steel and requires 
special cutting tools to machine it. High-carbon steel con- 
tains over 0.50% carbon. 


Hot-rolied steel often abbreviated to H.R.S., is a term that 
is applied to steel mill-shapes that have been formed by the 
hot-rolling process. Hot-rolling imparts a black scale to the 


surface of steel. This scale must be removed if the surfaces 
of a machine part are to be smooth and accurate. 


Cold-rolied steel often abbreviated to C.R.S., is mild steel. 
The various cold-rolled steel mill-shapes are first hot-rolled 
to close to their finished sizes. After cooling they are cold- 
rolled to their finished dimensions. Cold-rolling enables mill- 
shapes to be rolled extremely close to their nominal sizes, 
leaving all surfaces smooth and with a machine-finish 


appearance. Very little machining is required on most parts 
that are made from cold-rolled steel. 


a 


MOLTEN PIG IRON BEING CHARGED MOLTEN STEEL BEING POURED INTO 


INTO A STEEL-MAKING FURNACE INGOT MOULDS, WHERE IT IS 
ALLOWED TO COOL. STEEL IS 
STORED IN INGOT FORM UNTIL 
NEEDED FOR ROLLING PURPOSES. 


SAF 


3. STEEL INGOTS BEING HEATED PRIOR 4. INGOT BEING ROLLED TO SHAPE 


FIG. 11-85 TO ROLLING 
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, STRIPPING 
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STRUCTURAL STEEL AND RAILS PLATE, SHEET AND STRIP RODS, BARS, SEAMLESS PIPES AND TUBES. 


| FIG. 11:86 
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Non-Ferrous Metals _ 





Metals that do not contain iron, or only small amounts of It, 
are called non-ferrous metals. Non-ferrous metals are non- 
magnetic and corrosion-resistant. Some of the more com- 
mon non-ferrous metals are listed below. 





BRASS | 
Brass is an alloy of copper and zinc. Parts made of brass can 
be cast in a mould or machined to shape. Brass machines 
easily. 





Bronze is an alloy of copper and tin. It can be cast and >> 
machined easily. Bronze is a desirable bearing metal. se. 
ALUMINUM bi 
Aluminum is extracted from alumina, which is found in an 
earthy compound called bauxite. It weighs one-third as 
much as steel and is used extensively for machine parts 
that must be light in weight. 

Aluminum is alloyed with copper, zinc, and magnesium to 
give it qualities of hardness and _ flexibiltty. Aluminum 
machines easily. 
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| FIG. 11:87 STANDARD MILL-SHAPES IN 

WHICH FERROUS AND 
NON-FERROUS|METALS CAN BE | 
OBTAINED FOR MANUFACTURING} 
PURPOSES 





FIG. 11:88 ROLLING PRODUCES MILL SHAPES THAT VARY WIDELY IN THEIR CROSS- 
SECTIONS. 
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Material Specifications 


The materials discussed in this unit have been referred to 
by means of their general classification names, such as cast 
iron, brass, aluminum, and mild steel. 
The use of general classification names to specify the 
material on a detail working-drawing is unsatisfactory since 
there are so many individual types that can be selected 
within each classification. If a machine part is to be made of 
brass, the exact type of brass must be specified on the 
detail working-drawing: for example, S.A.E. 41 Yellow 
Brass or S.A.E. Standard No. 72 Brass (S.A.E. = Society of 
Automotive Engineers). The same is true for all other pro- 
duction materials. 


REVIEW QUESTIONS 


. List four characteristics that must be con- 


sidered when choosing a suitable mate- 
rial for a particular part and briefly explain 
the Importance of each. 


. What is the difference between ferrous 


and non-ferrous metals? 


. What purpose does a blast furnace serve 


in the iron-making and_ steel-making 
processes? 


. What element makes iron and steel hard? 


5. List three impurities found, to a small 


mal 


degree, in iron. 


.Name three common items made from 


ferrous metals and three made from non- 
ferrous metals. 


. Many metals are alloys. Suggest what 


that means. 


. How does steel differ from iron? Be spe- 


cific. 


. List two ways in which cold-rolled steel 


and hot-rolled steel differ. 


. How can a bar of hot-rolled steel and a 


bar of cold-rolled steel be identified? 


_List the main ingredients used to make 


steel. 


. From what material is alumina obtained? 
. Define the following terms: 


(a) bauxite 

(b) pig iron 

(c) mild steel 

(d) alloying element 


. Most metals are compounds. What is a 


compound? 
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| DETAIL WORKING-DRAWING PROBLEM 


84 






@ 13 - 82° CSK. 
@ 20 - 2 HOLES 








STARTER BRACKET 
SCALE I:1 


I8 CBORE. I0 DP. 
2 HOLES 








| Instructions 

| 1. Prepare a detail working-drawing of the Corners of forging blank to be radiused R| 
Starter Bracket on a P3 sheet by complet- Forging Die No. 1216H-3 
ing the views provided. Dimensions are in millimetres. 


| 2. Dimension the views as shown. Follow 4. Letter METRIC 9 mm high in the lower- 
| the “Steps in Dimensioning” on page 89. right corner. 
| 3. Add the following notes. Space them for 5. Draw the required ISO projection identity 


easy reading. . symbol in the lower-right area. 
Material-S.A.E. No. 88 Forging Brass 
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| Instructions 
| 1. Prepare a detail working-drawing of the Material-S.A.E. Die Casting Alloy No. 903 









DIO x 32 DP. 
4 HOLES 


13.5 
D 40 -20CBORE. 


lO DP. - 2 HOLES 






14.28 
® 14.30 
60° CSK. @ 23 





54.75 RIS 
as 
SADDLE PLATE 
SCALE |:1 





Saddle Plate on a P3 sheet by completing Die No. 16-075 
the views provided. The Saddle Plate is Comers of die cast blank to be radiused RO.5 | 


symmetrical about its principal centre 


lines. 


. Dimension the views as shown. Supply 
the missing dimensional sizes. Follow the 


Dimensions are in millimetres. 


4, Letter METRIC 9 mm high in the lower- 
right corner. 


‘Steps in Dimensioning” on page 89. 5. Draw the required ISO projection identity 


. Add the following notes. Space them for 
easy reading. 


symbol in the lower-right area. 
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| DETAIL WORKING-DRAWING PROBLEM 







w= 0.5 « 45° 







30.5 CBORE. 40 DP. 


@ 54 
30.06 | | MEDIUM 
30.00 3 | DIAMOND 


KNURL 






2.5 x M29 
R2 BOTH SIDES 


D 16.5 
60° CSK. 5 DP. 


DRIVE COLLET 
SCALE I:1 


Instructions 
|. Prepare a detail working-drawing of the Material- ASTM 412 Steel 
Drive Collet on a P3 sheet. Complete the Caseharden to a minimum depth of 
view by supplying the missing features, 1.5 mm and to Rockwell 45C. 
including the knurling pattern. Remove burrs and sharp edges. 
. Dimension the view as shown. Note that Dimensions are in millimetres. 


the use of a single view necessitates = 
dimensioning to hidden lines. Follow the . realness 3mm high in the lower- 
‘Steps in Dimensioning” on page 89. g 
. Add the following notes. Space them for 
easy reading. 
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| DETAIL WORKING-DRAWING PROBLEM 


252 


NO. 608 


4 x 032 , 
BOTH ENDS ee 


a 7 I25 
0.5 x 45° 7 0.5 x 45° 


334.82 4a it a ee 
O34, 50 3 ia p | O34 50 


eae 


Dll x 26 DP BOTH ENDS 


90° CSK. @2l @ 4 - 6 CBORE. |0 DP. 
BOTH ENDS BOTH SIDES 
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WINCH SHAFT 
SCALE |!:1 


Instructions 
. Prepare a detail working-drawing of the 4, Dimension the front view as shown. 
Winch Shaft on a P3 sheet. Complete the Dimension the right keyseat in the side 
view provided by adding the missing view. Refer to page 133 for the necessary 
features. Note the use of break lines to keyseat dimensioning information. Follow 
reduce the length of the right end. For the ‘Steps in Dimensioning” on page 89. 


drawing purposes, make the 150 mm . Add the following notes. Space them for 
length 80 mm. easy reading. 
. Draw a side view that includes the right Material-S.A.E. 56370 Steel 
keyseat. Do not show any hidden lines Dimensions are in millimetres. 
other than for the counterbored hole. Remove burrs and sharp edges 


| 3. The Woodruff keyseat radius is 13 mm. Its Heat treat, cyanide harden, and temper to 
centre is 4 mm above the diameter into Brinell BHN 200 as per specification 
which it is cut. The cutter radius of the 1O7DC/4 


right keyseat is R20. The size of the oe 
eae 5 wide x 2.5 Dp.. . Letter METRIC 9 mm high in the lower- 


right corner. 
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| DETAIL WORKING-DRAWING PROBLEM 


2.5 x 45° 
BOTH SIDES 2 BOTH SIDES 


6 x 22 


7 BOTH SIDES 
30° 


VALVE PIN 
SCALE I:1 


Instructions 
| 1. Prepare a detail working-drawing of the 4. Add the following notes. Space them for 
Valve Pin ona P3 sheet. Complete the easy reading. 
right side view and add the knurling pat- Material-S.A.E. 41 Yellow Brass 
tern to the front view. Fillets R4 


| 2. Refer to page 233 and complete the edges Remove burrs and sharp edges. 
of the hexagon as outlined. Dimensions are in millimetres. 


| 3. Dimension the views as shown. Follow 5. Letter METRIC 9 mm high in the lower- 
the “Steps in Dimensioning” on page 89. right corner. 
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| DETAIL WORKING-DRAWING PROBLEM 


37-1 3.5x 49.5 
130 
. 0 F- | * r° WIDE x 1.5 DP. 
5 x 45° or 
BOTH ENDS 


MEDIUM 


0 43 od ®5| DIAMOND 
Esc! * 


D 18 —- 60° CSK. 6 DP. 32 CBORE. 23 DP. 


AIR CHUCK SPINDLE 
SCALE 1:1 


| Instructions 
. Prepare a detail working-drawing of the Air den lines. Follow the ‘Steps in Dimen- 
Chuck Spindle on a P3 sheet. Supply the sioning’’ on page 89. 


missing features. 5. Add the following notes. Space them for 
. Note the use of break lines to reduce the easy reading. 
length of the left end. For drawing pur- Material- ASTM I16S Stee! 
poses, make the 130 length 80 mm. Draw Oil harden to Brinell BHN 170 as per heat- 
| _ the required knurling pattern. treating specification 1107-SC4. 
| 3. The Woodruff keyseat radius is 14 mm. Its Remove burrs and sharp edges. 
| centre is 4 mm above the diameter into Dimensions are in millimetres. 


hich it | t. The 018 h ee 
tiieLoh capitis Gribaeess , Letter METRIC 9 mm high in the lower- 


right corner. 
. Dimension the view as shown. The use of g ; 


a single view requires dimensioning to hid- 
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| DETAIL WORKING-DRAWING PROBLEM 


_ 20.0 
) 30.3 X SODP. - 2 HOLES 







) ae _ 76 CBORE. 20 DP. 


0) ae ~9 HOLES 
(0 45 CORE) 


| 
RI3 
4 CORNERS 


330 


154 
ROUNDS AND FILLETS 
7 NOT DIMENSIONED TO BE R6 _ 122 _ 


| re 7 \I6 
— 


SHAFT SUPPORT 
SCALE 1:2 





| Instructions 

|. Prepare a detail working-drawing of the Remove burrs and sharp edges. 
Shaft Support on a P3 sheet. It is symmet- Dimensions are in millimetres. 
rical about the major vertical centre lines. 
Complete the views by supplying the 
missing features. Each boss 


; , Top surface 
. Dimension the views as shown. Follow 


Rear surface 
the ‘Steps in Dimensioning” on page 89. Underside 


4, Show finish marks in the following places: 


Supply the missing dimensional sizes. Cored hole 
, Letter the following notes in the upper- 5, Letter METRIC 9 mm high in the lower- 


right area. Space them for easy reading. 
Material- |GOST Aluminum 
Pattern No. I50-6 


right corner. 


6. Draw the applicable ISO projection identity 
symbol in the upper-right area. 
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| DETAIL WORKING-DRAWING PROB 


8 WIDE x 4 DP. 
KEY WAY 


RI8 REF 





ROUNDS AND FILLETS R2 
UNLESS SHOWN OTHERWISE 





BEARING YOKE 
SCALE 1:1 


| Instructions 

| t. Prepare a detail working-drawing of the Remove burrs and sharp edges. 
Bearing Yoke ona P3 sheet. It is symmet- Dimensions are in millimetres. 
rical about Its Major centre lines. Complete 4. Show finish marks in the following places: 
the views provided by supplying the miss- 
ing features. There is only one keyway. 


Cored hole 

| | Bottom surfaces 

. Dimension the views as shown. Supply Top end of hub 
the missing dimensional sizes. Follow the Both pads 


eee ee 5, Letter METRIC 9 mm high in the lower- 
. Add the following notes. Space them for right corner. 


easy reading. ee er 
6. Draw the required ISO projection identity 

Material-80-60-3 Nodular Cast Iron 

Pattern No. 805-74 symbol in one of the right-hand corners. 
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| DETAIL WORKING-DRAWING PROBLEM 








BL~SO 
@ 13.5 — 25 SFACE. | 
2 HOLES 
30 
lo2 
| | 60 
8 2\ 
0 Bee BORE AT ASSEMBLY 
(@ 80 CORE) 


FILLETS AND ROUNDS R2 
UNLESS OTHERWISE SHOWN 


@ 20 - 2 HOLES 





SECTOR BEARING 
SCALE 1:2 


Instructions 
. Prepare a detail working-drawing of the Dimensions are in millimetres. 
Sector Bearing ona P3 sheet. Itissym- 4 Show finish marks in the following places: 
metrical about its major centre lines. Com- Botontsliaees 
plete the views provided. Bath beecee 


. Dimension the views as shown. Supply Cored diameter 
the missing dimensional sizes. Follow the Top flat surface 
“Steps in Dimensioning” on page 89. Rear and front surfaces 





. Add the following notes. Space them for —_5, Letter METRIC 9 mm high in the lower- 
easy reading. right corner. 
Material -316-2T Phosphor Bronze 6. Draw the appropriate ISO projection iden- 
Pattern No. 805-74 tity symbol in the lower-right area. 
Remove burrs and sharp edges. 
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The original technical drawings that are prepared in an 
engineering department or drafting office are never used 
for building or manufacturing purposes. Copies of them are 
made to work with and the originals are kept on file. 

There are several methods that can be used to make 
copies of original technical drawings. This chapter explains 
the details of one of the most common methods. 


UNIT | 


Most technical drawings are prepared on translucent 
drawing paper called vellum. Vellum is frequently, but 
incorrectly, referred to as tracing paper. 

The majority of industrial technical drawings are done in 
pencil. However, to obtain a more permanent record, and in 
order to produce better microfilm copies, many companies 
ink their drawings on drawing linen. 





|. INKING A TECHNICAL DRAWING 


2. INKING PENS 


FIG. 12:1 
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Once the working-drawings of a product or structure are 
completed, it is necessary to supply copies of them to all 
those involved in its construction or manufacture. These 
include any outside contractors. Preparing technical draw- 
ings on translucent drawing stock permits copies of them 
to be made easily and quickly. 


Blueprints and Whiteprints 


At one time all copies of technical drawings were actually 
blue-colored prints because the reproduction process pro- 
duced copies that had white lines on a blue background. 
The biueprinting process was employed extensively until 
the late 1930s when the cheaper and less cumbersome 
method of producing whiteprints came into general use. 
The whiteprinting process is by far the most common 
method of making copies of technical drawings today. 
Light-sensitive copy paper and a developer agent, either 
vapor or liquid are used. This provides copies of drawings 
that have a white or near-white background and usually 
blue, black, brown, or purple lines. 
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| FIG. 12:2. AWHITEPRINT 
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Although most copies of working-drawings are actually 
whiteprints, the term ‘‘blueprint’’ is still widely used to refer 
to plans of all kinds. In fact, the machines used to produce 
whiteprints are often called ‘‘blueprint machines’. 


The Whiteprinting Process 


There are many types and sizes of whiteprint copying 
machines available. Regardless of the size or trade name, 
each produces a permanent image by the same basic pro- 
cess. Figures 12:3 to 12:5 illustrate the process and the 
steps involved. 

The intense light of the lamps in the cylinder penetrates 
the translucent drawing paper at all points where no opaque 
lines or images are located. Since the copy paper is covered 
with a light-sensitive chemical compound, the compound 
quickly burns off all exposed areas of the copy paper as the 
drawing and copy paper pass over the glass cylinder. 


THE DRAWING IS PLACED FACE UP 
AGAINST THE CHEMICALLY 
PRECOATED, LIGHT-SENSITIVE SIDE OF 
THE COPY PAPER, WHICH IS USUALLY 
YELLOW. 


COPY PAPER 


FIG. 12:3. POSITIONING 


THE DRAWING AND THE COPY PAPER 
ARE FED INTO THE EXPOSURE SECTION 
OF THE PRINTING MACHINE. HERE 
THEY ARE MADE TO PASS OVER A 
GLASS CYLINDER IN WHICH 
FLUORESCENT OR CARBON LAMPS 
ARE MOUNTED. 


Eu 


COPY PAPER AND : 
DRAWING ARE SEPARATED 
AFTER EXPOSURE. 


GLASS CYLINDER | 
AND LAMPS 


| FIG. 12:4 FEEDING 


Sa [=] 
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AS THE DRAWING AND COPY PAPER MOVE OUT OF THE EXPOSURE SECTION OF THE 
MACHINE THEY ARE SEPARATED. THE DRAWING HAS FULFILLED ITS FUNCTION. THE 
COPY PAPER IS THEN PASSED INTO THE DEVELOPMENT SECTION OF THE MACHINE, AS 
SHOWN ABOVE, WHERE IT IS EXPOSED TO THE DEVELOPER-AGENT. THE AGENT TURNS 
ALL REMAINING YELLOW LINES OR IMAGES BLACK, BROWN, PURPLE, OR BLUE, 


DEPENDING ON THE MAKE OF COPY PAPER USED. THE FINISHED COPY LEAVES THE 
MACHINE THROUGH THE UPPER SECTION. 


FIG. 12:5 DEVELOPMENT 





FIG. 12:6 HIGH-VOLUME WHITEPRINTING MACHINE OF THE TYPE USED IN LARGE 
ENGINEERING AND DRAFTING OFFICES 
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Once the required number of copies of a drawing have 
been made, the drawing is filed in the engineering or draft- 
ing office. Here it remains until additional prints (copies) are 
required. In this respect a technical drawing is similar to a 
photographic negative that is used to make copies of a 
picture. In fact, technical drawings prepared on translucent 
drawing stock are often called “negatives” or ‘originals’. 
Sometimes they are incorrectly called ‘tracings’, which 
most of them are not. A tracing is a copy of an original 
working-drawing made by tracing over it on vellum or linen. 


Linework on Technical Drawings 


Copies of technical drawings should be easy to read. It is 
important, therefore, when using pencil, to draw dense 
black lines and lettering to ensure that a finished drawing 
will produce clear, easily read prints. 

Students drawing on vellum for the first time are urged to 
hold their finished pencil drawings up to the light before 
printing them. Any linework or lettering that appears gray 
and indistinct should be darkened, since it will not copy 
well. 





FIG. 12:7, CHECKING THE DENSITY OF PENCIL LINEWORK, USING NATURAL OR 
ARTIFICIAL LIGHT 


REVIEW QUESTIONS 





I. How do blueprints and whiteprints differ? 5. Why are technical drawings similar to pho- 


2. Why are some technical drawings pre- 


tographic negatives? 


pared in ink? 6. Differentiate between each of the follow- 
3. Why is It necessary to make copies of ing terms: 
(a) opaque 


working-drawings? What are the copies 
usually called? 3 


4, What department of a company is respon- (c) transparent 


sible for preparing the working-drawings 
of its product? 


(b) translucent 
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Technical drawings must record and transmit information 
clearly and concisely. To do this, they frequently make use 
of one or more of the special methods of drawing that have 
been developed. One of these special methods involves 
the use of sectional views, which are special types of ortho- 
graphic views. 

In this chapter the principles underlying the use and appli- 
cation of the most common types of sectional views are 
studied. 


UNIT | 
The Need for Sectional Views 


Frequently technical drawings must describe objects that 
have complicated interior shapes. The use of hidden lines to 
describe such shapes should be avoided. Too many hidden 
lines often make the hidden features of objects confusing 
and difficult to understand. : 

To avoid the use of hidden lines to describe the interior 
features of objects, sectional views are employed. A sec- 
tional view is obtained by imagining an object cut in a man- 
ner that exposes many or all of its interior features. 


The following types of sectional views are those used to 
clarify the principal interior features of objects. 


1. Full-sectional views 

2. Offset-sectional views 
3. Half-sectional views 

4. Aligned-sectional views 


Full-Sectional Views 


A full-sectional view is obtained by imagining an object cut 
in a straight line along its full length or across Its full width or 
diameter. By imagining the half of the object nearest the 
viewer to be removed, the principal interior features are 
exposed to view. 
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To obtain a full-sectional view of a non-cylindrical object 








| 1. Imagine the object cut in a straight line along its full 
length. 7 


| FIG. 13:1 


| 2. Imagine the half of the object nearest the viewer to be 
removed. The remaining half is then viewed orthographi- 
cally. 


| FIG. 13:2 





3. The result is a full-sectional view of the object that clearly 
describes its interior features by means of object lines 


rather than hidden lines. 
HIDDEN LINES ARE OMITTED 
UNLESS REQUIRED 
FOR CLARITY. 







THE DIAGONAL LINES ARE 
CALLED SECTION LINES. 






FIG. 13:3 
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How a full-sectional view of a non-cylindrical object is 
used 


TOP VIEW REMAINS | 
UNCHANGED. | 


Y | 
THE NORMAL FRONT | } : Y 
VIEW IS REPLACED BY | 
THE FULL-SECTIONAL | 
VIEW. : | | 
Vi 


| FIG. 13:4 


38.085 


38.090 cia 


@ |8 - 28 CBORE. 9.5 DP. 
2 HOLES 


PATTERN NO. 1042/A5 
FILLETS R6 UNLESS OTHERWISE SHOWN 


REMOVE BURRS AND SHARP EDGES. 


@ <=} 


THIRD ANGLE 
METRIC DIMENSIONS ARE IN MILLIMETRES. ‘ 
E.P RYERSON MACHINE ING. |" = CARRIER SHAFT BEARING rE ANTES USS Eee moun | DRAWN BY_| S.W. PEARCE | DWG. NO. 
; IMATE 0.500 mm =0. APRIL 28/83 -(2- 
Islington, Ontario, Canada MS SA GABT ALLIMTNUN | Do NOT SCALE DRAWING | ver 800mm 21 | MP-I3-4 


| FIG. 13:5 USE OF A FULL-SECTIONAL VIEW 





158 


To obtain a full-sectional view of a cylindrical object 





1. Imagine the object cut in a straight line 
| across its full diameter. 


| 2. Imagine the half of the object nearest the 
viewer to be removed. The remaining half 
is then viewed orthographically. 


3. The result is a full-sectional view of the 
object that clearly describes its interior 
features by means of object lines rather 
than hidden lines. 


| THE DIAGONAL LINES ARE 
HIDDEN LINES ARE OMITTED CALLED SECTION LINES. 
UNLESS REQUIRED FOR CLARITY. 
| 


| FIG. 13:8 





| FIG. 13:9 
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Section Lines 


Section lines serve two purposes: 
|. They indicate the solid areas of a part that are imagined 
cut through to obtain a sectional view. 
- 2. They indicate the type of material from which a part is 
made. 

Section lines are drawn thin and black and usually at an 
angle of 45° to the horizontal. They are spaced evenly by 
eye. The direction of inclination is a matter of personal 
choice. 

There are standard section lines for every type of mate- 
rial. Figure 13:10 shows three types of section lines used to 
represent common metals. 






- OUCEL 3. BRASS, BRONZE, COPPER 
SINGLE LINES SPACED ABOUT 3 mm DOUBLE LINES SPACED ABOUT ALTERNATE SOLID AND BROKEN 
APART FOR SMALL AREAS, 6 mm 2mm APART, WITH ABOUT 4 mm LINES SPACED ABOUT 3 mm APART 
APART FOR LARGER AREAS. BETWEEN PAIRS OF DOUBLE LINES FOR SMALL AREAS AND ABOUT 
FOR SMALL AREAS AND ABOUT 6 mm APART FOR LARGE AREAS. 
8 mm FOR LARGE AREAS THE BROKEN LINES ARE SIMILAR TO 
HIDDEN LINES. 
f FIG. 13:10 COMMONLY USED SECTION LINES 


Cylindrical Holes in Section 


Refer to Chapter || for details concerning the construction 
of the holes shown in Figure I3:11. 


|. DRILLED, REAMED, BORED 2. COUNTERBORED 


3. COUNTERSUNK 4. SPOTFACED 
| FIG. 13:11 
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Webs and Spokes in Section 


To prevent any misunderstanding about the shape of an 
object, webs and spokes should not be sectioned. 
Figures 13:12 to 13:15 illustrate why. 





. BRACKET 2. ONE HALF IMAGINED REMOVED FOR ~— 3. CORRECT SECTIONAL VIEW. NOTE 
7 SECTIONING PURPOSES THAT THE WEB IS NOT SECTIONED 
AND THAT ONE OF THE HOLES IN 

1 FIG. 13:12 THE VERTICAL SECTION IS SHOWN. 


|. TRUE SECTIONAL VIEW OF THE BRACKET 2. SECTIONING THE WEB PROVIDES THIS 


2 MISLEADING IMPRESSION OF THE SHAPE OF 
| FIG. 13:13 THE BRACKET. 


|. WHEEL 2. ONE HALF IMAGINED REMOVED FOR _ 3.. CORRECT SECTIONAL VIEW; SPOKES 
SECTIONING PURPOSES NOT SECTIONED 





FIG. 13:14 


i6i 





|. TRUE SECTIONAL VIEW OF THE 2. SECTIONING THE SPOKES PROVIDES 
WHEEL THIS MISLEADING IMPRESSION OF 
| FIG. 13:15 THE SHAPE OF THE WHEEL. 








REVIEW QUESTIONS 

|. Why are sectional views used on technical 5. The normal orthographic views of two 
drawings? objects are shown in (a) and (b). Neatly 

2H full-secti identi- sketch only the full-sectional view of each. 
haa re Nenen omer a oe aS Make the length of (a) about 100 mm and 


ee of (b) about 65 mm. Maintain the propor- 
3. What purpose do section lines serve? tions shown. Section line according to the 
4, Why are webs and spokes not sectioned material indicated. 

in sectional views? 


| 
| 
/ 


_—_— amas aa aoe 


Caen Uae hee Seba: * 


i 
] 
1 
| 
| 
1 

Y 
1 
| 
| 
) 


| 
| 
\ 


(a) CAST IRON 
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UNIT 2 
Offset-Sectional Views 


To obtain a full-sectional view of an object, the object is 
imagined cut along a straight line that passes through Its 
principal interior features. The line along which the imaglI- 
nary cut is made is called the cutting-plane line. 

Frequently the principal interior features of an object are 
not located in a straight line. Consequently, when you are 
praparing 4 full-eactional view of such an object, it is neces- 
sary to offset the cutting-plane line. This allows It to pass 
through as many of the principal interior features of the 
object as possible. 

The cutting-plane line is offset to obtain a full-sectional 
view that will provide a complete description of the principal 
interior features of an object. A sectional view obtained 
in this manner is called an offset-sectional view. See 
Figure 13:16. 


WA i A 


|. AFULL-SECTIONAL VIEW PROVIDES ONLY A . BY OFFSETTING THE CUTTING-PLANE LINE, AN 
PARTIAL DESCRIPTION OF THE INTERIOR OFFSET-SECTIONAL VIEW IS OBTAINED. IT 
FEATURES. PROVIDES A COMPLETE DESCRIPTION OF THE 
INTERIOR FEATURES. 





| FIG. 13:16 


Cutting-Plane Lines _ 





A cutting-plane line indicates the path along which an object 
is imagined cut to obtain a sectional view. 

As a general rule, a cutting-plane line is not shown on a 
drawing when only a single full-sectional view is involved 
unless clarity is important. The reason for this is that it Is 
usually obvious where the object in question is imagined 
cut. Refer to Figure 13:17. 
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|. RECOMMENDED 2. POOR PRACTICE 
4 FIG. 13:17 





ABBREVIATED CUTTING-PLANE LINES 

To save drawing time and to promote drawing clarity, It is 
frequently preferable to make use of abbreviated cutting- 
plane lines, as shown in Figure 13:18. 


SECTION A-A SECTION B-B 





| FIG. 13:18 


To draw cutting-plane lines 

Cutting-plane lines are drawn extra thick and black so they 
will appear more prominent on a drawing than all other 
lines. Some of the details concerning cutting-plane lines are 
shown in Figures 13:19, 13:20, and 13:21. 
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CUTTING-PLANE LINE 
MUST SHOW IDENTIFYING | 
LETTERS. 


CUTTING-PLANE LINE | 
TAKES PRECEDENCE | 
OVERCENTRE LINES. | 


y) 
g 


Z 
‘| FIG, 13sf9 


ANY LETTERS CAN jf 
BE USED. 


FIG. 13:21 OFFSET CUTTING-PLANE LINE 


ARROWHEADS POINT AWAY FROM | 
SECTIONAL VIEW. THEY INDICATE | 


LINE OF SIGHT. 


SUB-TITLE INDICATES THAT THE 


SECTION A-A a) SECTIONAL VIEW IS TAKEN ALONG 


CUTTING-PLANE LINE A-A. 


MINIMUM PROJECTION § 
BEYOND A VIEW 


ANY LETTERS CAN f§ 
BE USED. 
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REVIEW QUESTIONS 


. How do offset-sectional views differ from 
full-sectional views? 


2. What purpose does a cutting-plane line 
serve? 


3. How are the arrowheads on a cutting- 
plane line positioned relative to a sectional 
view? 





4,\Why are cutting-plane lines not normally 
used in conjunction with single full- 
sectional views? 


5. What is a subtitle? Where is it located rela- 
tive to a sectional view? 


6. Why is a cutting-plane line drawn extra 
thick and black? 


7. What purpose do the arrowheads on a cut- 
ting-plane line serve? 


8. The normal orthographic views of two 
objects are shown in (a) and (b). Neatly 
sketch the offset-sectional front view only 
of each. Make the length of each object 
about 75 mm and maintain the proportions 
shown. Section line for the material indi- 
cated. 


(b) STEEL 





UNIT 3 
Half-Sectional Views 


UNSECTIONED | 


2. FULL-SECTIONAL VIEW OF PART 3. HALF-SECTIONAL VIEW OF PART 
EXPOSES ALL OF ITS PRINCIPAL EXPOSES HALF OF ITS PRINCIPAL 
| FIG. 13:22 INTERIOR FEATURES. INTERIOR FEATURES. 
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Half-sectional views are used to clarify the interior features 
of objects that are symmetrical or almost symmetrical in 
shape. A half-sectional view exposes half of the principal 


interior features of an object because only one quarter of 
the object is imagined to be removed. Half-sectional views 
do not require cutting-plane lines as it is usually obvious 
where the objects involved are imagined cut. See 
Figure 13:23. 





CENTRE 
LINE 





NO HIDDEN 
“| LINES. [ 
FIG. 13:23 USE OF AHALF-SECTIONAL VIEW 


LIMITATIONS OF HALF-SECTIONAL VIEWS 
Half-sectional views are used principally on assembly work- 
ing-drawings because they allow the interior and exterior 
features of assembled objects to be shown simultaneously. 
They are not used extensively on detail working-drawings 
because the lack of hidden lines in the unsectioned portion 
often makes them awkward to dimension. 


REVIEW QUESTIONS 


. How can a half-sectional view be identi- 
fied? 

2. What is the principal advantage of a half- 

sectional view? 


3. Half-sectional views are used in conjunc- 
tion with symmetrical or almost symmetri- 
cal objects. What does “symmetrical” 
mean? 


4.How much of an object is imagined | 
removed when a half-sectional view Is | 
used on a technical drawing? : 


5. The normal orthographic views of an | 
object are shown here. Neatly sketch only | 
the half-sectional front view of the object. 
Make its length about 100 mm and its larg- | 
est diameter about 75 mm. Maintain the | 
proportions shown. Section line for the | 
material indicated. is 
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UNIT 4 


Aligned-Sectional Views 


A sectional view should include as many of the principal 
interior features of an object as possible. Some cylindrical 
objects have features not located on a principal vertical or 
horizontal centre line. When this occurs, it is often neces- 
sary to offset the cutting-plane line at less than 90° so that 
it will pass through such features. 

The resulting sectional view is drawn as though the cut- 
ting-plane_line were straight. The angled elements of the 
object are imagined to be aligned with a principal vertical or 
horizontal centre line before the sectional view is drawn. 
The type of sectional view obtained in this manner is called 
an aligned-sectional view. 

The use of aligned-sectional views is a typical example 
of how technical drawing often departs from true represen- 
tation in order to maintain drawing clarity. Refer to 

Figure 13:24. 





Y 


NOT DRAWN | 
IN ACTUAL 
PRACTICE. j 


aoe ' an SECTION A-A 
ANGLED ELEMENTS | 
MUST BE ALIGNED | 
sielnidhcciblleniialle |. ALIGNED-SECTIONAL VIEW 2. USE OF A FULL-SECTIONAL VIEW IS 
Behe i cca CONFUSING AND INCORRECT. 


J 
2 


FIG. 13:24 


Although aligned-sectional views are similar to offset- 
sectional views, they differ in that the cutting-plane line of 
an aligned-sectional view is always offset at less than 90°. 
The cutting-plane line of an offset-sectional view is always 
offset at exactly 90°..In addition, aligned-sectional views 
are used when cylindrical objects or objects that have a 
central axis are involved. Offset-sectional views are used 
when non-cylindrical objects are involved. 
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REVIEW QUESTIONS 


i pp 


|. When does it become necessary to use an is the cutting-plane line offset from the 
aligned-sectional view? vertical centre line in degrees? 

2, Why is the height of the aligned-sectional * normal orthographic views of two 
view in Figure 13:24 greater than that of objects are shown in (a) and (b). Neatly 
the left side view? sketch only the aligned-sectional front 

view of each. Make the length of each 
3.The three small holes in the part in object about 65 mm and maintain the pro- 
Figure 13:24 are equally spaced. How far portions shown. Section line for the mate- 


rial indicated. 





(a) BRASS 





(b) CAST IRON 
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UNITS 


The four types of sectional views presented in the preced- 
ing units are used to clarify the principal interior features of 
objects. In addition to this important function, sectional 
views are also frequently used to describe the shape or 
construction of specific areas or parts of objects. There are 
three types of sectional views used for this purpose— 
revolved-sectional views, removed-sectional views, and 
broken-out-sectional-views. 


Revolved-Sectional Views 


A revolved-sectional view is one that describes the shape 
of an object at a specific location. A revolved-sectional view 
is drawn directly on a normal orthographic view at the point 
where the shape to be described is located. See 
Figure 13:25. 


e/a Pe 
—X WV 


FREEHAND BREAKS ARE OFTEN USED f 
FOR CLARITY AND TO PERMIT DIMEN- | 
SIONS TO BE SHOWN. : 





FIG. 13:25 REVOLVED-SECTIONAL VIEWS 
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Removed-Sectional Views 





A removed-sectional view is similar to a revolved-sectional 
view except that it is not drawn on a normal orthographic 
view at the point where the shape to be described is 
located. Removed-sectional views, in fact, can be drawn at 
any convenient location on a drawing sheet. 

Some removed-sectional views, such as those _ in 
Figure 13:26, are actually full-sectional views since they are 
obtained by imagining an object cut across its full width or 
height. However, they are usually drawn to enlarged scales 
and located at any convenient position on a drawing. For 
this reason, they are always referred to as removed- 
sectional views. 

Removed-sectional views are used for the following rea- 
sons: 


I. To provide additional space for dimensioning purposes. 


2. To provide an enlarged and, therefore, a clearer descrip- 
tion of a specific part or area of an object. 


3. To avoid covering important features of an object. 


To prevent any misunderstanding, it is considered good 
practice to use a Cutting-plane line and to identify a 
removed-sectional view with a subtitle. 


Y/ 


SECTION A-A 


SCALE 2:1 


SECTION B-B 
SCALE 2:| 


| FIG. 13:26 REMOVED-SECTIONAL VIEWS 


Broken-out-Sectional Views 


Broken-out-sectional views are actually partially sectioned 
portions of normal orthographic views. They are used to 
clarify the interior elements of objects at specific locations 
by showing one of the normal orthographic views with a 
piece broken away to reveal the required features. 

Broken-out-sectional views are often called broken-out 
sections. Refer to Figure 13:27 on the next page. 
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NOTETHEUSEOFA | 
FREEHAND BREAK LINE. 


NY ae 





| FIG. 13:27 BROKEN-OUT-SECTIONAL VIEW 


REVIEW QUESTIONS 

|. What is the essential difference between 3. How does the use of the types of sec- 
revolved-sectional views and removed- tional views in this unit differ from those in 
sectional views? the first four units? 


2. Why are the removed-sectional views in 
Figure 13:26 similar to full-sectional 
views? 
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FULL-SECTIONAL VIEW EXERCISES 


DI0 x 30 DP. 
82° CSK. 7 DP. 


FEED BLOCK 
SCALE I|:1 


MATERIAL—NO. 1706S GRAY CAST IRON 
ROUNDS AND FILLETS R2 


Bl3 
20 CBORE. IO DP. 
2 HOLES 





2| 


45 





25.00 
D 55 an I8 CORE) 
SUPPORT HUB 
SCALE I:1 
Dl0\ 45 
4 HOLES MATERIAL—NO. I706S GRAY CAST IRON 


ROUNDS AND FILLETS R2 


83 B.C. 


instructions 
|. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. 


2. Carefully complete the finished linework freehand. 
3. Do not provide dimensions, notes, or other information. 
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| FULL-SECTIONAL VIEW EXERCISES 


HANDWHEEL 
SCALE I: 
MATERIAL—NO. I60 CST CAST IRON 








RIM DETAIL 


@ 20 


4 HOLES 035 HUB 


WITH 2 x 45° CHAMFER 
(HUB PROJECTS ON 
ONE SIDE ONLY) 


ROUNDS AND FILLETS RI.5 





2! 
5 WIDE x 2.5 DP. 
KEYWAY 
76 
D 260 
Lyf 0 WIDE x 5 DP. 
| i KEYWAY 
gerli2k Riad 
CENTRE 28 
OF HUB 
ROUNDS AND FILLETS R3 
RIM DETAIL 


CROWN-FACE PULLEY 


SCALE 1:2 070 HUB — | O45 
038 HOLE LHe PROJECTION = 4 HOLES 
BOTH SIDES 






MATERIAL — NO. I60 CST CAST IRON 


| Instructions 
1. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. 
2. Carefully complete the finished linework freehand. 


3. Do not provide dimensions, notes, or other information. 
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FULL-SECTIONAL VIEW WORKING-DRAWING PROBLEM 


22 
Z |50 


Q56 





0134 
34.6 

25 CORE 

a eel 

5 WIDE x 2.5 DP. 

KEYWAY 

08 B.C. 
D 12.5 
D 28. 4 HOLES 


INDEXING RING 
SCALE 1:1 


| Instructions Material-No. 90! Cast Steel 

|. Prepare a detail working-drawing of the Pattern No. 85B 
Indexing Ring on a P3 sheet. Make the Dimensions are in millimetres. 
front view a full-sectional view. Use third- Remove burrs and sharp edges. 
angle projection. Fillets RG 


. Dimension the views according to the Uni- Anneal to heat-treating specification 


directional Method. Follow the ‘‘Steps in No. 70S-5 when all machining has been 
Dimensioning’’ on page 89. Show the completed. 


required finish marks. , 
Aad aha 4 C a . Letter METRIC 9 mm high and draw the 

. Add the following notes. Space them for appropriate ISO projection identity symbol 
easy reading. in suitable locations. 7 
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FULL-SECTIONAL VIEW EXERCISES 
: | @2I—35 CBORE. 
: 20 DP. ' 


aR 


© 58 



















BEARING SUPPORT 
SCALE I:1 


MATERIAL — AS30 PHOSPHOR BRONZE 


LEVER BASE 
SCALE 1:2 
MATERIAL — l0I6 YELLOW BRASS 
ROUNDS R25 


@ 25 — 82° CSK. 
@ 38 — 2 HOLES 


i 1. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. . 


2. Carefully complete the finished linework freehand. 
, 3. Do not provide dimensions, notes, or other information. 
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| FULL-SECTIONAL VIEW WORKING-DRAWING PROBLEM «#™” 





34.02 
34.08 
1.5 x 45° 
6 WIDE x 3 DP. ; BOTH ENDS 
KEY WAY rae 
SS R3 
066 paras fe 
{7 







SINGLE V-BELT PULLEY 


meee SCALE 1:2 











RIM DETAIL 


instructions 
|. Prepare a detail working-drawing of the Material-No. 903 Alloy Aluminum 

V-Belt Pulley on a P3 sheet. Make the Die No. 20IT 

front view a full-sectional view. Dimensions are in millimetres. 


| 2. Dimension the views according to the Uni- —,_ | etter METRIC 9 mm high and draw the 





directional Method. Follow the “Steps in appropriate ISO projection identity symbol 
Dimensioning” on page 89. in suitable locations. 

| 3. Add the following notes. Space them for 
easy reading. 
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| OFFSET-SECTIONAL VIEW EXERCISES 








Q20 x 39 DP. 
4 HOLES 





@ 45 


64 CBORE.32 DP. DY 20-38 SFACE. 


4 HOLES 







R25 


VIEW OF TOP SURFACE OF JIG BODY 


ROUNDS AND FILLETS NOT 


DIMENSIONED TO BE R3 JIG BODY 


ge Syn Se a SCALE 1:2 
: 99 — MATERIAL — ASTM 6IR CAST STEEL 
5 


[. CBORE. 7 DP. 


@\|— 15 CBORE. 
lo DP. — 2 HOLES 









VIEW IN DIRECTION OF ARROW 


08 x I6 DP. 
4 HOLES ON 33 B.C. 


FILLET 





FIXTURE FRAME 
SCALE |:1 
R29 MATERIAL — NO. 110 CAST IRON 


Instructions 
1. On a P4 sheet, lightly draw the necessary views of each 
| object, including the required sectional view. 

| 2. Carefully complete the finished linework freehand. 


| 3. Do not provide dimensions, notes, or other information. 
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| OFFSET-SECTIONAL VIEW WORKING-DRAWING PROBLEM 






152 
OVERALL 


oN BEARING ARM 
SCALE 1:2 


@DI6 - 37 SFACE. 
4 HOLES 


268 


Instructions 7 

1. Prepare a detail working-drawing of the 3. Add the following notes. Space them for 
Bearing Arm on a P3 sheet. Make the front easy reading. 
view an offset-sectional view. Make the Material- ASTM TI1-40 Red Brass 
right side view a full-sectional view. Use Pattern No. 407 


mist angle PIRIESHON, | | Dimensions are in millimetres. 
. Dimension the views according to the Uni- Rounds and fillets R2 


directional Method. Follow the ‘Steps in | 

Dimensioning” on page 89. Use an abbre- Remove burrs and enalp edges. 

viated cutting-plane line for the full- 4, Letter METRIC 9 mm high and draw the 

sectional view. Supply the missing dimen- required ISO projection identity symbol in 
sional sizes and the required finish marks. suitable locations. 
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: HALF-SECTIONAL VIEW EXERCISES 


D 2 
4 HOLES 


20.0 
@ 20.7 
COUPLING BODY 
SCALE 1:1 
MATERIAL — TM 40 CAST BRASS 
ROUNDS AND FILLETS R4 
70 B.C. 
© 38 





TAPERED BUSHING 
SCALE I: 
MATERIAL—S.A.E. 1060 HOT-ROLLED STEEL 





I5° 
D76 
39 B.C. 
Q60 
O50 
| 
HALF OF TAPERED 
PARTIAL UNSECTIONED VIEW Dl0 x 32 DP. REMOVED FOR igri 
IN DIRECTION OF ARROW 4 HOLES 
Instructions 





i. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. 


2. Carefully complete the finished linework freehand. 
| 3. Do not provide dimensions, notes, or other information. 
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| HALF-SECTIONAL VIEW EXERCISES 


58 
ao | 
D102 St |S | 


HALF OF CLUTCH HUB 
REMOVED FOR CLARITY. 


D 48 








CLUTCH HUB 
SCALE 1|:1 


MATERIAL — S.A.E. 1020 H.R.S. 


@ 15.8 
29 CBORE. 37 DP. 


Ql2.5—4 HOLES 
ON 73 B.C. 





REMOVE SHARP EDGES. 


PARTIAL FRONT VIEW 


DRIVING SHROUD 
SCALE I: 


MATERIAL—S.A.E. 1020 HOT-ROLLED STEEL 





Instructions 
| 1. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. 


2. Carefully complete the finished linework freehand. 
| 3. Do not provide dimensions, notes, or other information. 
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| ALIGNED-SECTIONAL VIEW EXERCISES 





BASE PLATE 
SCALE I:1 


058 MATERIAL — H40 NODULAR CAST IRON 











@ 154 


50.00 ROUNDS AND FILLETS R6 


? 50.06 


(@45 CORE) 


3 SLOTS 
EQUALLY SPACED 
ON 127 B.C. 


SP ss 


QI3 x 23 DP. 
3 HOLES SPACED 
| EQUALLY ON 76 BC. 








@ 102 12.5—20 CBORE. 
7 DP—3 HOLES 

EQUALLY SPACED 

ON 127 B.C. 


3 WEBS EQUALLY 
SPACED __ 


B64 
ARBOR SUPPORT 
SCALE 1:1 
MATERIAL — H40 NODULAR CAST IRON 038.6 


(030 CORE) 


ROUNDS AND FILLETS R2 
6 WIDE x 3 DP. 
KEYWAYS 


‘Instructions 

1. On a P4 sheet, lightly draw the necessary views of each 
object, including the required sectional view. 

2. Carefully complete the finished linework freehand. 


| 3. Do not provide dimensions, notes, or other information. 
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| ALIGNED-SECTIONAL VIEW WORKING-DRAWING PROBLEM 


6 WIDE x 3 DP. 
KEY WAY 


133 B.C. 


ARMS EQUALLY SPACED 





T... \ 


ROTARY YOKE 
SCALE |:1 


Instructions 
|. Prepare a detail working-drawing of the 3. Add the following notes. Space them for 
Rotary Yoke on a P3 sheet. Make the front easy reading. 
view an aligned-sectional view. Use third- Material- H60 Nodular Cast Iron (shown here). 


angle projection. Pattern No. 48-806R 
. Dimension the views according to the Uni- Dimensions are in millimetres. 
directional Method. Follow the “Steps in Remove burrs and sharp edges. 


Rounds and fillets R3 





Dimensioning”’ on page 89. Show the 
angular dimension between each lower . 
arm and the arm that is drawn vertically. . Letter METRIC 9 mm high and draw the 
Use an abbreviated cutting-plane line and required |SO projection identity symbol in 
show the required finish marks. suitable locations. 
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/REVOLVED-SECTIONAL VIEW WORKING-DRAWING PROBLEM 


CONNECTING ROD 
SCALE I: 





© 7.50 
32 SFACE. 
BOTH SIDES 









4 SLOTS 
6 WIDE x 3 DP. 


@D 5\ 


| Instructions 

|. Prepare a detail working-drawing of the Dimensions are in millimetres. 
Connecting Rod on a P3 sheet. Draw a Forging Die No. 2016-12 
revolved-sectional view to describe the Rounds R| 


|'-shape section. Use third-angle projec- Fillets adjoining hub R6. All other fillets RI 


aa | | | unless otherwise shown. 
. Dimension the views according to the Uni- Anneal to heat-treating specification 


directional Method. Follow the “Steps in 74FI67 after part has been completed. 
Dimensioning’’ on page 89. Show the 
required finish marks. 4, Letter METRIC 9 mm high and draw the 


required ISO projection identity symbol in 
. Add the following notes. Space them for dts i ae rey 


easy reading. 
Material-S.A.E. 3460S Forging Steel 
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| REMOVED-SECTIONAL VIEW WORKING-DRAWING PROBLEM 


5! 





I3 SQUARE 


I65 
TO CENTRE 
OF HANDLE 






RIS R (SPHERICAL) 


Sted 


HANDLE DETAILS 


FINISH ALL OVER 


| Instructions 


MACHINE-VISE HANDLE 
SCALE |I:1 






|. Prepare a detail working-drawing of the 
Machine-Vise Handle on a P3 sheet. 


2. Draw a removed-sectional view taken 
through the handle at a point 40 mm 
below the square hole Scale 2:1. Also, | 
draw a revolved-sectional view of the han- 
dle at its smallest diameter. Use an abbre- 
viated cutting-plane line for the removed- 
sectional view. 


3. Dimension the views according to the Uni- 
directional Method. Follow the ‘Steps in 
Dimensioning” on page 89. Show the 
required finish marks. 


4, Add the following notes. Space them for 
easy reading. 
Material-No. 60S Cast Steel 
Pattern No. 234-5 
Dimensions are in millimetres. 
Remove burrs and sharp edges. 


Fillets adjoining handle Ré6. All other 
unmachined corners RI unless otherwise 
shown. 


| 5, Letter METRIC 9 mm high and draw the 
necessary ISO projection identity symbol 
in suitable locations. 
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| REMOVED-SECTIONAL VIEW WORKING-DRAWING PROBLEM | 





PARTIAL TOP VIEW OF HANDLE 


R22 


TS . ‘ Eas rte 
ger. "ES BY 
gee ee ah Be | MS 
ee |. a gles he: een 
eed gs csi NB OS 
Zs ba vit ‘ ws j ai i‘ y wt! A: 
a fs We. he , Ne 
3 








IS 


bf 


SECTION B-B 


112 


BOX WRENCH 


| 28.5 AIF ~ SCALE I:1 


R20 FILLET BETWEEN 
SIDE OF HANDLE AND 
SIDE OF 48 HEXAGON 





48 AIF | | : 


VIEW IN DIRECTION OF ARROW 


| 1. Prepare a detail working-drawing of the Forging Die No. 134-68 ° 
Box Wrench on a P83 sheet. In addition to Dimensions are in millimetres. 


the regular views, draw removed- Forged corners RI unless dimensioned 
sectional views A-A and B-B, Scale |: 1. otherwise. 


| 2. Dimension the views according to the Uni- Remove burrs and sharp edges. 


directional Method. Follow the “Steps in Anneal and heat treat according to specifi- 


Dimensioning” on page 89. Show the cation |20-2F after all machining has been 
required finish marks. completed. 


| 3. Add the following notes. Space them for 4, Letter METRIC 9 mm high and draw the 
| easy reading. required ISO projection identity symbol in 
|_Material-29M Forging Steel Suitable locations. 
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| SECTIONAL VIEW WORKING-DRAWING PROE 


SPHERICAL RADIUS 


a | 
R3 ALL AROUND BOTH SIDES 
BOTH SIDES 


R2 






Ril 






| R2 
HANDLE TO BE FINISHED RIOO 2 BOTH EDGES | 
FILE SMOOTH. RII6 
14 BOTH ENDS 
335 
CRANKING LEVER 


SCALE I: 


| Instructions _ 
| L Prepare a detail working-drawing of the 3. Add finish marks to each end of the hub. 
Cranking Lever on a P2 sheet. Complete 4, Add the following notes: 
the views provided by adding or complet- Material-No. 32510 Malleable Cast Iron 
ing the missing features and details. | 
These include the two revolved-sectional Pattern No. 851/37A 
views in the top view, the broken-out sec- Remove burrs and sharp edges. 
tion in the front view, and the addition of a Dimensions are in millimetres. 





revolved-sectional view in the front view, Fillets R6 unless shown otherwise 


showing the shape of the handle at a point 
halfway along its length. 


. Dimension the views as shown. Follow 
the “Steps in Dimensioning” on page 89. 


5. Letter METRIC 9 mm high in a suitable 
location. 
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SECTION A-A 


Oe aac, 






THIRD ANGLE 












COUNTERSHAFT HOUSING 


i Questions 
| 1. ls the Countershaft Housing made from a 
ferrous or a non-ferrous metal? 


| 2. What primary production process will be 
used to provide the Countershaft Hous- 
ing with its characteristic shape? 


: 3. How many surfaces of the Countershaft 
Housing require machining allowance? 


| 4. What type of sectional view has been 
used? 











| 5. Which view is the front view? ~ 


| 6. What type of projection has been used to 
| draw the Countershaft Housing? 


| 7. What does the reference (025 Core) 
mean? 
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DIMENSIONS ARE IN MILLIMETRES. MATERIAL— GRADE 80-60-03 NODULAR CAST IRON METRIC 


8. 


(2. 


I3. 


| BLUEPRINT READING PROBLEM 


(25 CORE) 
EQUALLY SPACED 


SCALE !:1 


What secondary production processes 
will be used to produce the 010 holes? 


. Interpret the spotface specification. 
. How many millimetres apart is each pair 


of adjacent spotfaced holes measured 
along the bolt circle? Give your answer to 


the second decimal place. 
. What secondary production processes, 


or process, will be used to finish the main 
hole? 


How far apart in degrees is each pair of 
spotfaced holes? 


What is the thickness of each web? 









Screw threads are widely used in mechanical manufactur- 
ing. Consequently, the study of their principles of operation 
and terminology forms an important part of a technical 
drawing course. In this chapter screw threads are dealt with 
in detail in order to prepare you for the many situations in 
later chapters where they are referred to and used. 


UNIT | 


A screw thread is a ridge of uniform cross-section that is 
cut or pressed into the surface of an external or internal 
cylinder in the shape of a helix. A helix is a spiral of constant 
diameter. 

If you examine any external thread, you will see that it 
leans slightly to the right or to the left along its longitudinal 
axis. The angle at which the thread leans is called the helix 
angle. Most threads lean to the left because they have a 
right-hand helix, that is, a helix that turns or spirals to the 

right. 


HELIX ANGLE { 


ui 


|. EXTERNAL THREAD 2. INTERNAL THREAD 


7 FIG. 14:1 
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Screw- Thread Terms 


MAJOR DIAMETER 

The largest diameter of a screw thread. The diameter that is 
used to specify its size. The major diameter is often called 
the O.D. (outside diameter). 


MINOR DIAMETER 
The smallest diameter of a screw thread. It is sometimes 
called the root diameter. 


HELIX ANGLE 
The angle at which a screw thread leans to the left or right 
from the vertical along its axis. 





MINOR 
w— DIAMETER 


| FIG. 14:2 |. EXTERNAL THREAD 


PITCH 
The distance between a point on one thread and the 
corresponding point on an adjacent thread. 


LEAD 
The linear distance that any point on a screw thread will 
move parallel to the axis of the thread in one revolution 
(360°). 


PITCH DIAMETER 

An imaginary diameter of a screw thread. It is concentric 
with, and located midway between, the major and minor 
diameters. The pitch diameter is the diameter of a screw 
thread that is used for design and gauging purposes. It is 
also the diameter that is used in connection with thread 
rolling, as discussed in Unit 2 of this chapter. 


PITCH-DIAMETER LINE 


An imaginary line that is parallel to the axis of a screw 
thread and tangent to its pitch diameter. The pitch-diameter 


90 


| - ANGLE 


MAJOR 
DIAMETER 


MINOR” 
DIAMETER 


EASES 


| 
| NM 





2. INTERNAL THREAD 


line bisects each thread and each adjacent space at a point 
where their widths are equal to half the pitch. 


THREAD 


PV 


PITCH — DIAMETER LINE 


PITCH 
2 


YN ips! ) Sips. 4, ye Wp DEPTH 


PITCH 
» DIAM ETER 


: FIG. 14:3 ENLARGED VIEW OF THREAD PROFILE 


Single Threads 


Most screw threads are single threads; that is, they consist 
of one continuous ridge. This can best be visualized by 
imagining a single piece of thread-shaped wire wound 
around a cylinder as shown in Figure 14:4. 

lf a nut on a single thread is turned one revolution, the 
linear distance it will move is called the lead. The lead of a 
single thread is equal to its pitch. 


Multiple Threads 


Many screw threads consist of more than one continuous 
ridge. Such threads are called multiple threads. Double, 
triple, and quadruple threads are common and can best be 
visualized by imagining two or more thread-shaped wires 
wound around cylinders, é as Shown | in 1 Figure I4: 5. 


/S3 
UN 
LEAD 2 x PITCH LEAD 


|. DOUBLE THREAD 2. TRIPLE THREAD 
- | FIG. 14:5 MULTIPLE THREADS 








DIAMETER 


MAJOR | 
DIAMETER | 
UY MINOR 


a a = LEAD 


1 FIG. 14:4 A SINGLE THREAD | 





| > 
SS 
LEAD e— 4 x PITCH 


3. QUADRUPLE THREAD 
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When a nut on a multiple thread is turned one revolution, 
It moves a linear distance equal to the pitch of the thread 
multiplied by the number of threads. The lead of a multiple 
thread, therefore, is equal to the pitch multiplied by the 
‘number of threads. 

Note in Figure 14:5 that the helix angles of screw threads 
increase noticeably as the number of threads increase. Mul- 
tiple threads are fast-motion threads and are used on 
machines and mechanisms where the fast movement of 
threaded components is required. Any thread form can be 
made as a single or a multiple thread. 


Right-Hand and Left-Hand Screw Threads 


A right-hand screw thread is one that has a right-hand helix. 
Therefore, it will advance over or into a matching screw 
thread when turned to the right. A left-hand screw thread is 
one that has a left-hand helix. It will advance over or into a 
matching screw thread when turned to the left. Most screw 
threads are right-hand. 


Common Screw- Thread Forms 


AMERICAN NATIONAL 
Once the most commonly used thread in North America 
until replaced by the Unified. 


UNIFIED 

Standard in Canada, Great Britain, and the United States. In 
1948 it replaced the American National as the most com- 
monly used thread in North America. It will eventually be 
replaced by the ISO General Purpose Metric Thread form. 


iSO METRIC 

Will eventually replace the Unified screw-thread form as 
the metric system of measurement is adopted by industry 
in North America. Although similar to the American 
National, tts proportions are slightly different. 


SQUARE 

The original North American screw-thread form used for 
transmitting power. A difficult thread to cut. Replaced 
largely by the Acme form. 
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: , 7 
| FIG. 14:6 AMERICAN NATIONAL _ 


| FIG. 14:7 
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UNIFIED 





ACME 

A modification of the Square thread form. Its sloping sides 
make it stronger than the Square thread. It is also easier to 
cut than the Square thread, especially with dies. 


BUTTRESS 

A semi-special American thread form. Transmits power and 
motion in one direction only. Used extensively on vises and 
quick-acting mechanisms. A metric version will eventually 
be used in North America. 


REVIEW QUESTIONS 





| FIG. 14:10 ACME 


GY 
Ws 








) FIG. 14:11 BUTTRESS 





I. What is a helix? Give the name of some _—_ 4. What is assingle thread? 


other device that has a helical shape. 


5. What screw-thread forms are used prima- 


2. How do the lead and the pitch of a screw rily for transmitting power? Which one 
thread differ? | transmits power in one direction only? 


3. What purpose do multiple threads serve? 


UNIT 2 


External Screw Threads 





An external screw thread is one that has been cut or 

pressed into the surface of an external cylinder such as a 

bolt. An external screw thread can be cut with thread- 

cutting dies or by means of a thread-cutting tool held in the 

tool post of a lathe. See Figures 14:12 and 14:13. External 
screw threads can also be rolled. 


|. THREAD-CUTTING DIES 2. LATHE THREAD-CUTTING TOOL 


| FIG. 14:12 
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|. CUTTING AN EXTERNAL THREAD WITH DIES 
HELD INASTOCK 


| FIG. 14:13 


Rolled Screw Threads 


2. CUTTING A THREAD ON ALATHE WITHA 
THREAD-CUTTING TOOL 





The external screw threads of many machine parts are 
formed by thread-rolling dies rather than by thread-cutting 
tools. Refer to Figures 14:14 to 14:18.Thread rolling is the 
modern, high-production method of forming external screw 
threads on all kinds of screw-thread fasteners and machine 
parts. Rolled threads can be produced at low cost and with 
extremely high degrees of accuracy. Rolled threads are also 
stronger than cut threads because the grain of the metal is 


oe 


_ eee ee eee 


|. CROSS-SECTIONAL VIEW OF A ROLLED 
THREAD,SHOWING HOW THE GRAIN OF THE 
METAL FOLLOWS THE THREAD CONTOUR 


MAJOR DIAMETER PITCH DIAMETER 


THREAD 
LENGTH 


FIG. 14:14 3. BOLT BLANK READY FOR THREADING 
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2. CROSS-SECTIONAL VIEW OF A THREAD 
FORMED BY ATHREAD-CUTTING TOOL, 
SHOWING HOW THE GRAIN OF THE METALIS 
CUT THROUGH 


MAJOR DIAMETER 





4. BOLT WITH FINISHED THREAD 


forced to assume the shape of the thread form instead of 
being cut through, as is the case when thread-cutting tools 
are employed. 

Thread rolling is done along the pitch diameter of a 
thread. 


1 
\ 
{ 


bene come que quem quan asus eume Gum eum Gum am J 


i See eee 


J 
§ 


STATIONARY 
DIE 


MOVING DIE 


EACH FORWARD STROKE OF THE MOVING DIE FORMS THE THREAD ON A BLANK. 
FIG. 14:15 THREAD ROLLING WITH RECIPROCATING DIES 


STATIONARY SEGMENT DIE 


ROTARY DIE © 


SEVERAL BLANKS HAVE THREADS ROLLED SIMULTANEOUSLY. 


FIG. 14:16. PLANETARY DIES USED TO ACHIEVE HIGH PRODUCTION RATES 
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17 EXAMPLES OF ROLLED THREADS 


FIG. 14 










18 THREAD ROLLING WITH CYLINDRICAL DIES 


FIG. 14 
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Internal Screw Threads 





An internal screw thread is one that has been cut into the 

surface of a cylindrical hole. Internal screw threads of rela- 

tively small diameters are formed by thread-cutting tools 

called taps. Internal screw threads of relatively large diame- 

ters are usually cut with a boring tool. Internal screw 

threads cannot be formed satisfactorily with thread-rolling 
dies. Refer to Figures 14:19, 14:20, and 14:21. 





A TAP DRILL | 


Il 


TAPPED 
HOLE | 


. 


ne 
WU ! UY 


MA 


LL 





|. TAP DRILL PROVIDES THE 2. TAP CUTS THE SCREW 
UNDERSIZE HOLE TO THREAD IN THE 
RECEIVE THE TAP. TAP-DRILLED HOLE. 


FIG. 14:19 TAPPING OPERATIONS _ 


1 FIG. 14:21 CUTTING AN INTERNAL SCREW 
FIG. 14:20 CUTTING AN INTERNAL THREAD ON ALATHE WITHA 


THREAD WITH A TAP |__ BORING TOOL. 
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A tapped hole that passes completely through a part is 
called a through-tapped hole. A tapped hole that does not 
pass completely through a part is called a blind-tapped hole. 
The undersize hole that is drilled to receive a tap is called a 
tap-drilled hole. The drill used to drill this hole is called a tap 


drill. 

REVIEW QUESTIONS 

1. What is the difference between a tap and 4.\Why are rolled screw threads stronger 
atap drill? than machine-cut screw threads? 

2. List the methods of machining or forming 5. Thread rolling is done along the pitch 
screw threads discussed in this unit. diameter of a thread. Suggest why it is 

3. What advantages do rolled threads pro- done there and not at the major diameter. 


vide over those that are formed by means 
of cutting tools? 


UNIT 3 


Representation of Screw Threads on Technical 
Drawings 


There are three methods that can be used to represent 
screw threads on technical drawings. Each can be applied 

~ to any screw-thread form. In this unit the three methods are 
dealt with as they apply to the ISO Metric thread form. 


i. PICTORIAL REPRESENTATION 

Pictorial representation provides an approximation of the 
actual thread form. Because it is time-consuming to draw, it 
is used only in special instances and then only for screw 
threads having large major diameters, usually in excess of 
25mm. 


USUALLY CHAMFERED | 


- SIDE VIEW- | 
= CHAMFERED OR | 
UNCHAMFERED | 





| FIG. 14:22 PICTORIAL REPRESENTATION OF EXTERNAL SCREW THREADS | 
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VVYV VVVVY 


AAA AAAAR 


UNSECTIONED SECTIONED UNSECTIONED SECTIONED 


|. THROUGH HOLES 2. BLIND HOLES 





| FIG. 14:23 PICTORIAL REPRESENTATION OF INTERNAL SCREW THREADS 


To draw external right-hand screw threads using 
pictorial representation pores ae 





. Select the depth of thread from the table 
on page 203, unless It is provided as part 
of a problem. Add the minor diameter and 
then draw the top thread profiles with the 
30°-60° set square. See Figure 14:24. 


. Join the lower-right corner of the major 
diameter to the first top crest on the right. 
At the established angle, bring all top 
crests and roots down to the lower major 

~-and minor diameter lines. An adjustable 

set square is recommended. See Figure 

14:25. 


NS 


| FIG. 14:25 





| FIG. 14:26 


Gad 


. Construct the lower thread profiles with 
the 30°-60°set square. See Figure 14:26. 


MINOR : 
DIAMETER | 


4, Construct the 45°chamfer, if required, 
from the minor diameter as shown. Note 
that the crest lines in the finished line- 
work are thinner than the root lines. See , 
Figure 14:27. | FIG. 14:27 eee ere es pete el 
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2. SCHEMATIC REPRESENTATION 
Schematic representation is frequently used to represent 
screw threads, especially on assembly working-drawings. 











-~SIDEVIEW- | 
CHAMFERED OR | 
UNCHAMEERED | 


UNSECTIONED SECTIONED UNSECTIONED SECTIONED 
|. THROUGH HOLES .- 2. BLIND HOLES 
FIG. 14:29 SCHEMATIC REPRESENTATION OF INTERNAL SCREW THREADS 


To draw external screw threads using schematic} 
representation | 


|. When a 45°chamfer is involved, construct Sy Aral 
the chamfer and use it to obtain the depth. 
lf achamfer is not involved, select the 
depth from the table on page 203, or sim- 
ply estimate It. See Figure 14:30. - 





1 FIG. 14:30 


LENGTH OF THREAD TO. 
NEAREST FULL PITCH 


2. Estimate or select the pitch from the PITCH 


thread-proportions table on page 203. 
Establish the pitch points. Draw the crest 
lines vertically. See Figure 14:31. 










mn TY 





i Fes Oe hE te 
| FIG. 14:31 





200 


3. Estimate or use the scale to divide each 
space equally for the root lines. Draw the 
root lines. See Figure 14:32. 





| FIG. 14:32 


4. Finished linework. Root lines are object 


lines. The crest lines are thin, black lines. : | 
See Figure 14:33. I 


| FIG. 14:33 | 





To draw internal screw threads using schematic 
representation 


Use the simplified representation outlined in Figure 14:37. 


3. SIMPLIFIED REPRESENTATION 

Simplified representation is the most commonly used 

method of showing screw threads on technical drawings. It 

Saves considerable drawing time and is particularly applica- 
ble to threads with small major diameters. 





*_ SIDE VIEW - | 
| CHAMFERED OR 
UNCHAMFERED | 





UNSECTIONED SECTIONED UNSECTIONED SECTIONED 
|. THROUGH HOLES 2. BLIND HOLES 


FIG. 14:35 SIMPLIFIED REPRESENTATION OF INTERNAL SCREW THREADS e 
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To draw external screw threads using simplified | er 
representation : OF THREAD 


1. Construct the 45°chamfer. Draw the 
minor diameter as shown. If no chamfer is 
involved, select the depth size from the 
table on page 203, or simply estimate it. 


2. Finished linework. Note that the lines rep- 
resenting the start and end of the thread 
are object lines. The minor diameter lines 
are thin and black. 

2. FINISHED LINEWORK 





| FIG. 14:36 


To draw internal screw threads using simplified 
representation 


MAJOR DIAMETER | 


IF NOT GIVEN, | 
ESTIMATE OR } 
SELECT FROM | 
TABLEON | 
PAGE 203. | 


HREADED | 


= 
ae ee | DEPTH | 
SET SQUARE | hea ae 


ESTIMATE THE TAP 
DRILL EXTENSION. 
MAKE IT ABOUT TWO TO | 
THREE TIMES THE DEPTH. | 


|. THROUGH HOLE 2. BLIND HOLE 





| FIG. 14:37 
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Thread Proportions Table 


Drawing screw-thread forms to their exact dimensions, as 
listed in engineering handbooks, is time-consuming and 
unnecessary. 

For the few problems in the text where thread depths or 
pitches are not provided the following table can be used. 
Students, however, are urged to estimate thread sizes to 
save drawing time, as long as the correct proportions are 
maintained. 

The sizes listed in the table are for use with drawings 
prepared full size. For drawings prepared to reduced or 
enlarged scales, the listed sizes should be divided or 
enlarged accordingly. 






THREAD PROPORTIONS 
ISO METRIC THREADS 


SIZES ARE IN MILLIMETRES. 









FIG. 14:38 


Coarse and Fine Threads 


The ISO Metric screw thread is available in two series: 

coarse-pitch and fine-pitch. The coarse-pitch series provides 

fewer but larger threads for a given major diameter and 

length than does a fine-pitch-series thread of the same 

major diameter and length. Figure 14:39 illustrates this 
point. 


LESS THREADS 
LARGE PITCH 


~ vu 


MORE THBEADS | : 
SMALLER PITCH 
\- 7 r PITCH 


|. COARSE-PITCH SERIES 2. FINE-PITCH SERIES 


| FIG. 14:39 
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A further significant ditference between the two series of 
threads is that the coarse-pitch series provides a single 
pitch size for each major diameter. The fine-pitch series 
provides most major diameters with two or more pitch 
sizes. 

To illustrate this point, Figure 14:40 lists several major 
diameters and their corresponding pitch sizes. A coarse 
thread that has a major diameter of 10 mm has a pitch of 
1.5 mm. However, a fine thread that has a major diameter 
of 10 mm can have any one of three pitch sizes: 1.25, |, or 
0.75 mm, depending on design requirements. 

Further examination of Figure 14:40 confirms that all 
major diameters have a single coarse-pitch size but one or 
more ine aes sizes. 


FINE PITCH 


1.25, |, 0.75 


|, 0.75 7 
1.5, 1.25, | 


3, 2, 1.5, | 





FIG. 14:40 


To dimension ISO Metric screw threads 

The thread designations of most coarse-pitch ISO Metric 
screw threads consist of the capital letter M (which stands 
for metric) followed by a number that indicates the major 
diameter size in millimetres. 

The thread designations of most fine-pitch ISO Metric 
screw threads consist of the capital letter M, a number that 
indicates the size of the major diameter in millimetres, and 
a number that indicates the required pitch size. 

All screw threads are assumed to be single and right- 
hand, unless indicated otherwise by the thread designation. 
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M20 DOUBLE 









M20 x 2 - |5 DP. 









7 


WG 





LReawmueweeaewuea’ 





Hi Ui 


THROUGH BLIND THROUGH BLIND 





|. COARSE-PITCH THREADS 2. FINE-PITCH THREADS 
| FIG. 14:43 METHODS OF DIMENSIONING INTERNAL SCREW THREADS 
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Classes of Fits 


There are three classes of fits applicable to the ISO Metric 
thread: close, medium, and free. Each class represents a 
specific degree of accuracy to which a screw thread must 
be made. 

The table in Figure 14:44 lists the three classes of fits and 
the symbols used as part of thread designations to indicate 
each of them. Unless the class of fit is shown as part of a 
screw-thread designation, the fit is assumed to be a 
medium—6g or 6H—which is used for most general 
engineering work. 


“alesse oF eine) Internal | 
mai Threads | _ Threads | 


"MEDIUM 


M20 x 2—5H —15 DP 


FIG. 14:45 DIMENSIONING SCREW THREADS USING CLASS OF FIT SYMBOLS | : 








REVIEW QUESTIONS 

|. List the names of the methods that can be |4:38. Suppose that you are drawing a 
used to represent screw threads on tech- I5 mm thread and a 25 mm thread. What 
nical drawings. will the pitch and depth of each thread be 


on your drawing if the [5 mm thread has 
to be drawn full size and the 25 mm thread 
to scale 1:2? 


2. What method of drawing screw threads 
approximates the actual profile? 


3. Refer to the table on page 203, Figure 
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4. How do coarse-pitch and fine-pitch screw 6. Interoret each of the following screw- 


threads differ? thread designations: 

5. Why is it necessary to show the pitch as (a) M36 — 50 DP. 
part of a thread designation for a fine- (b) M24 x 2— 45 DP. 
pitch-series screw thread? (c) M64 — Triple — L.H. 


(d) M56 x 4 — Double 

(e) M42 — 8g — L.H. 

(f) M48x 3-— 5H—- 35 DP. 
UNIT 4 





Reena dace r ae major ieee are ssealy shown 
on working-drawings by means of pictorial representation. 
Figure 14:46 shows the thread elements used in connec- 
tion with this type of representation. 


PITCH 
PITCH DIAMETER LINE 


DEPTH 





| FIG.14:46 ACME THREAD ELEMENTS 


hi draw single right-hand external Acme belt 


. Draw the basic thread elements according 
to the information provided. Round off all 
thread-element sizes to the closest half- 
millimetre above the size given, e.g., 6.25 
to 6.5, 6.8 to 7. 





| FIG. 14:47 


2. In the lower-right corner where the depth 
line intersects the end of the thread, draw 
the right flank of the first thread at 14.5°. 
From where the pitch diameter line inter- 
sects the thread flank, carefully mark off 


as many half-pitches as you can. ae 
2 


| FIG. 14:48 





207 


3. At |4.5°, draw a thread flank through each 
point on the lower pitch-diameter line. 
Then project the second, lower haltf-pitch 
distance to the top pitch-diameter line. 
Use an adjustable set-square. 


4. Draw thread flanks through the two 
points projected to the top pitch-diameter 
line. Join the crest of this thread to the 
one in the lower-right corner. An adjusta- 
ble set-square is recommended for this. 
At the established angle, draw all other 
crest lines from each lower crest. 


5. Draw the flanks of all top threads for 
which crest lines have been drawn. Trans- 
fer the root width of any space to the 
edge of a scrap of paper. Mark off the root 
width on the minor diameter line in the 
required places. Draw the last two flank 
lines — upper right and lower left. Com- 
plete the root lines with an adjustable set 
square. 


6. Carefully erase unnecessary construction 
lines and complete the finished linework. 


: FIG. 14:49 


| FIG. 14:50 | 


SR ! iL | A} A AA 
| a 


<— ROOT WIDTH 


AVNVA ila 
NANAK 


a a - — 





| FIG. 14:51 





FIG. \4: 52 


To draw single left-hand external Acme threads 
Follow steps |, 2, and 3 outlined in Figures 14:47, 14:48, 
and 14:49, and then those outlined in steps 4, 5, and 6 


below. 


4. Draw thread flanks through the two 
points projected to the top pitch-diameter 
line. Join the crest of this thread with the 
crest of the second lower one. An agdjust- 
able set square is recommended for this. 
At the established angle, draw all other 
crest lines from each lower crest. 
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TUT 


EEL 


ee PALIN HH yyy ae 


| FIG. 14:53 





5. Draw the flanks of all top threads for , 
which crest lines have been drawn. Trans- oe eee 


= 
a 


fer the root width of any thread to the 
edge of a piece of scrap paper. Mark off | 

the root width of the upper-left thread. : NAN 

Draw the last flank. Complete the root : |i HT | 
lines with an adjustable set square. ae y 


A YY | 
po VY VP Vy Vi Vy Vi 


iter. =. 





FIG, 14:54 


6. Carefully erase the unnecessary construc- 
tion lines and complete the finished line- 
work. 





FIG. 14:55 


To draw multiple external Acme threads 

Multiple external Acme threads can be drawn by following 
the steps already outlined for single right-hand or left-hand 
external threads. Depending on the number of threads 
involved, substitute the appropriate step shown below for 
step number 3 on page 208 (Figure 14:49). 


Double Threads 

At 14.5°, draw the thread flank through each 
point on the lower pitch-diameter line. Then 
project the third lower half-pitch distance to 
the top pitch-diameter line. 





| FIG. 14:56 


Triple Threads 

At 14.5°, draw the thread flank through each 
point on the lower pitch-diameter line. Then 
project the fourth lower half-pitch distance 
to the top pitch-diameter line. 
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To draw internal Acme threads 

Internal Acme threads are usually drawn as part of sectional 
views. Therefore, follow the steps already outlined for sin- 
gle or multiple external threads. 

Because of the effect produced by sectioning, the far 
side of an internal thread is what is seen and what must be 
drawn. Consequently, the crests and roots are joined to 
show the thread leaning to the right rather than the left for 
right-hand threads, and to the left rather than the right for 
left-hand threads. 


|. SINGLE RIGHT-HAND 2. SINGLE LEFT-HAND 





| FIG. 14:58 INTERNAL ACME THREADS IN SECTION | 


Phantom Lines __ 





To save time and to avoid unnecessary drawing, it is com- 
mon drafting practice to make use of phantom lines to 
represent repetitive features of parts. Rather than draw a 
long external thread for its full length by means of pictorial 
representation, three or four pitches are drawn at each end 
of the thread with phantom lines joining these. 

A phantom line is drawn thin and black, like a centre line, 
and has breaks that consist of two short strokes. 





| FIG. 14:59 USE OF PHANTOM LINES 


—-2i0 


UNIT5 
Screw Threads and the Inclined Plane 


screw threads are primarily power-transmitting devices. 
They make use of the force-multiplying principle of the 
inclined plane, an inclined plane being a sloping surface. 

Suppose it were necessary to lift a 120 kg barrel of oil 
onto a shipping dock, for example. It would require less 
effort to lift it by pushing it up an inclined plane, (distance 
CB in Figure 14:60), than it would by lifting it vertically, 
(distance AB). 

In the metric system, force is measured in newtons (N). It 
requires 10 N to lift | kg. Therefore, if the barrel was lifted 
vertically, a force (effort) of 1200 N (120 x 10) would be 
required. If, however, the barrel was pushed up the inclined 
plane instead, the force (effort) required to raise it |m 
would be 1200 N + 6 = 200 N. It can be seen, then, that the 
force-multiplying capability of the inclined plane in Figure 
|4:60 is 6 (6 + I). Therefore, a force of only 200 N is needed 
to lift the load of 120 kg. 








FORCE = 200 N 9 


| FIG. 14:60 LOAD = [20 kg 





MECHANICAL ADVANTAGE OF THE INCLINED PLANE 
The force-multiplying capability of an inclined plane is the 
relationship of its vertical height to its plane length. The 
force-multiplying capability of an inclined plane is called its 
mechanical advantage (usually abbreviated to MA) Figure 
14:61 shows the MA of three inclined planes. Note that the 
MA is obtained by dividing the plane length by the vertical 
height. 


VERTICAL 
HEIGHT 





| FIG. 14:61 


all 





THE INCLINED PLANE OF A CYLINDER 

The inclined plane of a screw thread is not straight but 
assumes a spiral shape. Therefore, if an inclined plane is 
wrapped around a cylinder, a rudimentary screw thread Is 
obtained, as shown in Figure 14:62. 


DIAMETER 


_| CYLINDER | 


PLANE — 4 : 


HELIX ANGLE 
VERTICAL 
HEIGHT 


: HELIX ANGLE A HELIX ANGLE 
CYLINDER nn 


|. ELEMENTS OF THE INCLINED PLANE BEFORE IT 2. PLANE LENGTH ASSUMES THE SHAPE OF A 
IS WRAPPED AROUND THE CYLINDER HELIX WHEN INCLINED PLANE IS WRAPPED 
AROUND THE CYLINDER. 





| FIG. 14:62 


THE INCLINED PLANE OF A SCREW THREAD 

A screw thread is cut or pressed into the surface of a 
cylinder. Therefore, its inclined plane is the same as that of 
the cylinder. Figure 14:63 shows the inclined plane triangle 


of a screw thread with the elements of the thread applied to 
it. 


PLANE LENGTH 


HELIX ANGLE 


CIRCUMFERENCE OF MAJOR DIA. 
(7 x MAJOR DIA.) 





| FIG. 14:63 INCLINED-PLANE ELEMENTS OF A SCREW THREAD 


ai2 


To determine the mechanical advantage of a screw 


thread 

Determine the MA of an M40 x 4.5 screw thread. 
Major diameter = 40mm 

Pitch = 4Ab5bmm 

Lead = Pitch = 45mm 


Number of threads | | 


PLANE we, | : 


J4.5? + 125.663712 : A | 
J/20.25 + 15791.367 : CIRCUMFERENCE 


OF MAJOR DIA. 


JSI5811.617 : (mx 40 = 125.6637) 


I25.74425 
I25.74425 
4.5 
27.943167 


Plane length AB 





FIG. 14:64 





MA 


How Screw Threads Transmit Power 





Screw threads must be rotated in order to utilize the force- 
multiplying capabilities of their inclined planes. When a 
screw thread is rotated, leverage is always involved. 

Figure 14:65 shows a typical example of a screw thread 
that is rotated manually by means of a handle. The handle is 
actually a lever, which is also a force-multiplying device. 
When the MA of the lever and the MA of the inclined plane 
are combined, a means of developing a very large output 
force by using a very small input force is possible. In fact, 
screw threads are capable of providing greater mechanical 
advantage than any of the other mechanical devices used 
for transmitting power. 





} FIG. 14:65 


2li3 








All screw threads are power-transmitting devices because 


they use the principle of the inclined plane. Most, however, 
are used principally for one of the following reasons: 


i. To hold parts together 
2. To adjust parts in relation to each other 
3. To transmit motion 


performs all of these functions. 


REVIEW QUESTIONS 


& 


. The MA of an inclined plane is 10. What 


does that mean? 


.When a screw thread is used as part of a 


machine, why is its output force greater 
than the result of its own MA? 


. Aload of 600 kg must be raised a distance 


of 5 m. What newton force is required to 
lift the load if it is raised by moving it up a 
50 minclined plane? Refer to page ZIl for 
assistance with this question. 


. List the vertical heights of inclined planes 


that have the following characteristics: 
(a) MA = 40, Plane length = 400 

(b) MA = 9.6, Plane length = 1.6 

(c) MA = I8, Plane length = 6 


.What is the diameter of the cylinder that 


each of the inclined-plane triangles in (a) 
and (b) applies to? Refer to page 52 of 
Chapter 7, for assistance with this ques- 
tion. Round off your answers to the sec- 
ond decimal place. 
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The screw thread that is part of the vise in Figure 14:65 


6. Use the Pythagorean theorem to deter- 


mine the MA of each of the inclined-plane 
triangles in (a), (b), and (c) and the major 
diameter of the screw thread to which 
each applies. Round off your final answers 
to the second decimal place. 


B 


62.8577 
1.8 


A 


7. Determine the mechanical advantage of 


each screw thread listed below. Round oft 
your final answers to the third decimal 
place. : 

(a) M30 (Pitch 3.5 mm) | 

(b) M48 (Pitch 4.5 mm) Double 

(c) M56 (Pitch 5.5 mm) Triple 

(d) M22 (Pitch 2.5 mm) 


. Compared with multiple screw threads of 


the same size, do single screw threads 
provide more, less, or equal mechanical 
advantage? Briefly explain why. 


| SCREW-THREAD PROBLEM 





3 WIDE x 1.5 DP. 


LOCKING SCREW 
SCALE I: 


| Instructions 
| 1. Prepare a detail working-drawing of the Material-S.A.E. 2365 Cold-rolled Steel 
Locking Screw on a P4 sheet. Complete Harden and temper to Rockwell 40C as 
the views provided using the appropriate per specification LSC 798. 
is waarmee to daria 2 ae pie etl Remove burrs and sharp edges. 

ete the chamfered left edge of the hexa- wae 
ae as outlined. Use simplified represen- Dimensions are in millimetres. 





tation to show the thread. 4, Letter METRIC 9 mm high and draw the i 
required ISO projection identity symbol in | 
Suitable locations. : 


| 2. Dimension the views as shown. Follow 
the “Steps in Dimensioning” on page 89. 


3. Add the following notes. Space them for 
easy reading. 


ai5 


























| SCREW-THREAD PROBLEM 





CHAMFER DETAIL 


NO. 608 WOODRUFF 
KEYSEAT \ sit 


KEYSEAT 
5 WIDE x 2.5-DP. 


Ml2 x 1.5 x 32 DP. 


| Instructions 

| 1. Prepare a detail working-drawing of the 
Turret-Lathe Spindle on a P3 sheet. Use 
simplified or schematic representation to 
show the external thread. Use simplified 
representation to show the internal 
thread. 


. The keyseat cutter for the left end is 


30 mm in diameter. The effective length 
of the keyseat is 47 mm. For drawing pur- 
poses only, the radius of the Woodruff 
keyseat is RI2 and is located 4 mm above 
the diameter into which it is cut. 


. Dimension the views according to the Uni- 


directional Method. Follow the “Steps in 
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TURRET-LATHE SPINDLE 
SCALE I: 


Dimensioning” on page 89. Consult Chap- 
ter ||, Unit 4, regarding the dimensioning 
of keyseats. 


4. Add the following notes. Space them for 


easy reading. 
Material- ASTM 173M Hot-rolled Steel 


Oil harden to Rockwell 50C as per heat- 
treating specification I6R-4. 


Remove burrs and sharp edges. 
Dimensions are in millimetres. 


. Letter METRIC 9 mm high and draw the 


appropriate ISO projection identity symbol 
in suitable locations. 





SCREW-THREAD PROBLEM 






IIS A/F 


MI2 x 1.25 
2 HOLES 


Ga 











TAPPED HOLES ARE | 
ON A9Q5 BC. 








Q73 


60°CSK. 054 


PACKING GLAND 
SCALE !:1 


Instructions 
| 1. Prepare a detail working-drawing of the 
| Packing Gland on a P3 sheet. Make the 
front view a full-sectional view. Use third- 
angle or first-angle projection. 


. Show the external thread by pictorial rep- 
resentation. Show the tapped holes by 





simplified representation. Depth of exter- 
nal thread is 3.5 mm. 


. Dimension the views according to the Uni- 
directional Method. Follow the ‘Steps in 
Dimensioning” on page 89. 





4, Add the following notes. Space them for 
easy reading. 
Material-S.A.E. 90 Yellow Brass 
Remove burrs and sharp edges. 
Dimensions are in millimetres. 

5, Letter METRIC 9 mm high and draw the 
required ISO projection identity symbol in 
suitable locations. 


2|7 


| SCREW-THREAD PROBLEM 









M24 x 2- 5H 
(20 CORE) 












Lill 







QIO—82° CSK. DI7 
6 HOLES 
EQUALLY SPACED 






Sorted 


(®40 CORE) 


SPINDLE BRACKET 
SCALE I:1 






| Instructions 


| 1. Prepare a detail working-drawing of the Pattern No. 907SB 
Spindle Bracket on a P3 sheet. Use third- Rounds R3 
angle projection. Make the front view a Fillets RI4 


sectional view. Select any one of the three 
types of thread representations to show 
the thread. 


| 2. Dimension the views according to the Uni- pate of rac.omide oninierand 2 tinichin 
| directional Method. Follow the ‘‘Steps in ee , J 


Ay aeRO Ra Ch 89. Show the coats of No. 50-6 machine tool enamel. 
required nace be kee ) 4, Letter METRIC 9 mm high and draw the 


necessary ISO projection identity symbol 
in suitable locations. 


Dimensions are in millimetres. 
Remove burrs and sharp edges. 
Spray paint unmachined surfaces with 2 









| 3. Add the following notes. Space them for 

easy reading. 

Material- ASTM-A48 Class S/50 Gray Cast 
: lron 


als 







| SCREW-THREAD PROBLEM 











70 
Rl MAX. FILLET 


BOTH SIDES 








4 x lO DP. 
60° CSK. 2 DP. 
BOTH ENDS 







y 
—_ 






e— 2.5 WIDEx LS DP. 
@2.5 THROUGH 













MOO x 00 GENERAL PURPOSE ACME 
OR 
MOO x OO GENERAL PURPOSE ACME - DOUBLE 


SINGLE-ADJUSTING SCREW 
DOUBLE-ADJUSTING SCREW 


SCALE I:1 














| Instructions 
|. Prepare a detail working-drawing of either pitch. Follow the ‘Steps in Dimensioning”’ 
| — the Single-Adjusting or Double-Adjusting on page 89. 


Screw ona P3 sheet. Complete the front 4, Add the following notes. Space them for 
view provided. Use pictorial representa- easy reading. 


tion to show the Acme thread and Simpli- ; 
fied representation to show the ISO Met- Material—ASTM-1470/BD Forging Steel 










ric thread. Forging Die No. JR-I6DTS | 
| 2. Determine the major diameter of the Stress relieve at 1150°to 1250°C after forg- 
| Acme thread. Round off the calculated ing and after rough machining as per spec- 

size to the nearest whole number. Specifi- ification 9/A-64. 

cations of the Acme threads are as fol- Induction harden to Rockwell C50-55 as 

lows: per heat-treating specification 216A-7. 

Single Double All external corners to be stoned off to 

MA—I1.5 MA—5.8 remove burrs and sharp edges. 
Pitch— 12 Pitch—12 





Dimensions are in millimetres. 






| Depth—6.35mm Depth—6.35 mm or 
| 3. Dimension the view as shown. Complete _—5- Letter METRIC 9 mm high ina suitable 
the required thread designation of the location. 







Acme thread shown above by replacing 
the zeros with the major diameter and the 






alg 





| SCREW-THREAD PROBLEM 







RI MAX. FILLET 
ALL CORNERS 
| 

























0.5 x 45° : 
ALL CHAMFERS | 


SECTION A-A 


MOO x 00 GENERAL PURPOSE ACME 
OR 
MOO x 00 GENERAL PURPOSE ACME - L.H. 


CONTROL SHAFT —R.H. 
CONTROL SHAFT —L.H. 


SCALE !:1 






Instructions 


1. Prepare a detail working-drawing of the Acme thread shown above by replacing 
right-hand or left-hand Control Shaft, as the zeros with the major diameter andthe | 
directed, onaP3 sheet. Complete the | pitch. Follow the “Steps in Dimensioning” | 
views provided. For drawing purposes on page 89. 
make the end diameters 45 mm long and 4, Add the following notes. Space them for 
the overall length 255 mm. Use break lines easy reading. 
as shown. 


Material —AISI-C1118 Hot-rolled Steel 
Stress relieve at 1000°C after rough 
macnining. 

Harden to Rockwell C56-60 according to 
Specification B75- 42. 


| 2. Determine the major diameter of the 

| Acme thread. Round off the calculated 
size to the nearest whole number. Specifi- 
cations of the Acme thread are as follows: 


am te Dimensions are in millimetres. 
Depth—6.35 mm All external corners to be stoned off to 
Use pictorial representation to show the = Fe move burrs and sharp edges. 
Acme thread. 5, Letter METRIC 9 mm high in the 


_ Dimension the views as shown. Complete lower-right area. 


the required thread designation of the 


& 
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| SCREW-THREAD PROBLEM 









8 - 12 CBORE. 4 DP. 
l2 HOLES 
EQUALLY SPACED 








MOO x 00 GENERAL PURPOSE ACME 
OR 

MOO x 00 GENERAL PURPOSE ACME 

LEFT HAND 







2x | DP. R2.5 MAX. 










745° 2xIDP 
ao FEED-CONTROL NUT—R.H. 
SQ FEED-CONTROL NUT —L.H. 
UNDERCUT DETAIL SCALE 1:1 


SCALE 4:1 









| Instructions 






|. Prepare a detail working-drawing of either the zeros with the major diameter and the 
Feed-Control] Nut on a P3 sheet. Complete pitch. Follow the “Steps in Dimensioning” 
the views. Make the front view a sectional on page 89. 






view. Include the undercut detail. Show 
the thread by means of pictorial represen- 
tation. 






4, Add the following notes. Space them for 
easy reading. 
Material—ASTM-1470/BD Forging Steel 


eo Sere tninie the Major elameterel Me Stress relieve at 1150° to 1250°C after forg- 
| Acme thread. Round off the calculated ing and after rough machining as per spec- 









size to the nearest whole number. Specifi- ification 9/A-64. | 
seaaaele = ETRE LCAG Are ae MaOWS: Induction harden to Rockwell C50-55 as 






Pitch—|2 per heat-treating specification 216A-7. 
sera 25 mm Remove burrs and sharp edges. 
| 3. Dimension the views as shown. Complete een tel annie a 
the required thread designation of the 5. Letter METRIC 9 mm high ina suitable 
Acme thread shown above by replacing ~ location. 
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| BLUEPRINT READING PROBLEM 


SECTION A-A SECTION B-B 


310 





NO. 609 WOODRUFF 


KEYSEATS 
MIO x | — 20 DP. 


BOTH ENDS 


3 WIDE x 034 
MSO x |2 ecm” BOTH ENDS 
STD. GENERAL PURPOSE 


ACME - DOUBLE 
OIL HARDEN TO BRINELL BHN 160 REMOVE BURRS AND SHARP EDGES. 
AS PER HEAT TREATING 


SPECIFICATION 4817-30 FILE 20. 


FORGING DIE 1607/39-A © {--—} 


THIRD ANGLE 


DIMENSIONS ARE IN MILLIMETRES. MATERIAL—S.A.E. 4340 STEEL METRIC 


DRIVE SCREW SCALE 1:1 


| Guestions 10. What is the depth and width of each 
I. How many sectional views have been keyseat? 


used and what type are they? 11. How many surfaces must be provided 
. What purposes do the sectional views with machining allowance? 


serve! 12. The Drive Screw is 315 mm long before it | 
3. Why is a partial top view provided? is finished to length. How much machin- 


4. How many threaded features are there ing allowance is provided on each end? 
on the Drive Screw? What is the pitch . Excluding undercuts, what is the smal- 
and major diameter of each? lest exterior diameter of the Drive 


. What is the lead and the MA of each screw? 
thread? , suggest why the part must be hardened. 

. What drawing methods have been used . Why is the front view not a sectional 
to represent the threaded features ? view? 

_ What primary production process will be . Are the threads right-hand or left-hand? 
used to provide the Drive Screw with its What is the length of the Acme thread? 
basic shape? cae | ) 

. Each exterior diameter, excluding the 


? ae 
| SHOW ages URGE HCUTS aro tere! undercuts, has | mm machining allow- 
| 9, What is the depth of the tapped holes? ance. List the unfinished size of each. 
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Screw-thread fasteners are used extensively to hold parts 
together, particularly parts that have to be dismantled from 
time to time. Consequently there are a wide variety of 
standard screw-thread fasteners available in many sizes 
and shapes to suit the numerous types of applications that 
arise. Many of the more common types and styles of 
screw-thread fasteners are dealt with in this chapter. 


UNIT | 
Bolts and Nuts 


Bolts and nuts make it possible to secure parts without 
using threaded holes. They are available in square and hexa- 
gon styles, although the hexagon style, particularly the one 
with the protective washer face, is by far the most widely 
used. Common bolt-and-nut combinations are shown in 
Figure I5:1. 





|. SQUARE HEAD 2. HEXAGON FLAT 3. HEXAGON 4. HEXAGON 
BOLT AND BOLT WITH WASHER-FACE WASHER-FACE 
SQUARE NUT HEXAGON FLAT BOLT AND NUT BOLT AND 
NUT WASHER-FACE 
JAM NUT 


| FIG. 15:1 





5. HEXAGON 
WASHER-FACE 
BOLT AND HEAVY 
HEXAGON JAM 
NUTS 
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HEXAGON 

A cap screw is a threaded fastener that is used in conjunc- 
tion with a threaded hole to hold two or more parts 
together. Hexagon cap screws with protective washer 
faces are the most commonly used of the hexagon style. In 
many instances they are simply hexagon washer-face bolts 


used without nuts. 
CLEARANCE } 
HOLE : 


== Te TAPPED HOLE | =| 


=) / een| 'TORECEIVE 
— CAP SCREW | 






|. PARTS READY TO 2. CAP SCREW HOLDING 
BE SECURED PARTS TOGETHER 


| FIG. 15:2 USE OF AHEXAGON CAP SCREW 


SOCKET-HEAD 

Socket-head cap screws are made to more accurate size 
specifications than other types of cap screws. They are also 
specially heat treated to make them very strong. Hexagon 
key wrenches and socket screwdrivers are used to turn 
them into tapped holes. 








|. SOCKET-HEAD CAP SCREW 2. HEXAGON KEY WRENCH 


zt my 
SSEAS 7M, 
\ 


SS 
SS 
(———— | 
[| 
L ———— | 





===. 
= —— 
—— + | 
== =—— 
—j—— | ee | 
_— | | 
— | (—— | 
== | =S= 
| FIG. 15:3 3. SOCKET SCREWDRIVER 4. HEAD ABOVE SURFACE 5. HEAD BELOW SURFACE 
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Their relatively small head diameters and the fact that 
their wrenching surfaces are contained within their heads 
provide socket-head cap screws with space-saving charac- 
teristics. Socket-head cap screws are also frequently used 
in conjunction with counterbored holes in order to place 
their heads below the surfaces of parts for safety or appear- 
ance. 





|. HEXAGON FASTENERS REQUIRE 2. SOCKET-HEAD CAP SCREWS DO NOT 
WRENCH CLEARANCE. FEWER REQUIRE WRENCH CLEARANCE. 
FASTENERS CAN BE USED INAGIVEN MORE FASTENERS CAN BE USED IN 
SPACE, A GIVEN SPACE. 





3. WRENCH CLEARANCE REQUIRES 4. SOCKET-HEAD FASTENERS 
HEXAGON FASTENER TO BE PLACED PROMOTE BETTER DESIGN BECAUSE 
AWAY FROM SHOULDER. OF LIMITED SPACE REQUIREMENTS. 





5. HEXAGON FASTENERS ARE NOT AS 6. EXTRA STRENGTH OF SOCKET-HEAD 
STRONG AS SOCKET-HEAD CAP CAP SCREWS MEANS FEWER 
SCREWS. MORE FASTENERS ARE FASTENERS, LESS WEIGHT, AND 
REQUIRED. FEWER HOLES TO DRILL AND TAP. 


FIG. 15:4 ADVANTAGES OF SOCKET-HEAD CAP SCREWS 
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SOCKET SCREWS 

Socket screws are the various types of threaded fasteners 
that are designed to utilize hexagon key wrenches and 
socket screwdrivers for tightening and loosening purposes. 
Like socket-head cap screws, they are very strong and very 
accurately made. Because they are designed to be used 
with threaded holes, socket screws are actually types of 
cap screws. 






|. FLAT HEAD 2. LOW HEAD 
USED IN CONJUNCTION WITH FOR APPLICATIONS THAT REQUIRE 
COUNTERSUNK HOLES LOW HEAD CLEARANCE 


3. BUTTON HEAD 4. SHOULDER SCREW 
LIGHT DUTY CAP SCREW WITH PROVIDES ACCURATE LOCATING 
MINIMUM HEAD PROJECTION PLUS HOLDING CAPABILITIES. 


| FIG. 15:5 


REVIEW QUESTIONS 


|. Give an example of a situation where 5. What purpose does a washer face serve? 
screw-thread fasteners are used to hold 6. Define the following terms: 


parts together that have to be dismantled (a) bolt 
periodically. (b) cap screw 

2. Refer to Figure 15:1(5) and suggest why | (c) socket screw 
two jam nuts would be used on a single 


7. List three advantages that socket screws 
bolt. 

provide over other types of screw-thread 
3. Why are socket screws heat treated? fasteners. 


4.\Which screw-thread fastener provides 
locating as well as holding capabilities? 
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UNIT 2 
Additional Types of Cap Screws 


Round-head, fillister-head, and flat-head cap screws are 
also widely used. They are manufactured in much the same 
manner as other cap screws and provide a variety of head 
designs for special requirements. 





NOTE POSITIONS | 
OF SLOTS IN 

TOP VIEWS FOR | 

DRAWING CLARITY | 


LENGTH 


LENGTH =| 


|. ROUND HEAD 2. FILLISTER HEAD 3. FLAT HEAD 


FIG. 15:6 
Studs 


Studs are steel rods that have rolled threads at both ends. 
They are used in place of bolts or cap screws to make it 
possible to dismantle equipment by the removal of a nut 
rather than of a complete screw-thread fastener. Studs can 
also be used to position parts in relation to each other, 

special tools called stud drivers are used to turn studs 
into tapped holes. See Figure 15:7(3). 





|. LONG-STYLE STUD 2. SHORT-STYLE STUD 3. STUD DRIVER 





| FIG. 15:7 
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Machine Screws 


Machine screws are actually small bolts, although they are 
frequently used without nuts. They can be made by the 
cold-forming process or they can be made from wire stock 
on automatic screw-making machines. 

Machine screws are used for relatively light work where 
strength is not an important factor. 





LENGTH 





LENGTH 


|. ROUND HEAD 2. OVALHEAD 3. FLAT HEAD 4. FILLISTER HEAD 5. HEX. HEAD 


| FIG. 15:8 


Yj} Ly , - Zu 


|. SLOTTED 2. ROBERTSON 3. PHILLIPS 








FIG. 15:9 HEAD STYLES | 


set Screws 


Set screws are used to lock parts together. They are availa- 
ble in a variety of point styles as shown in Figure 15:10. Set 
screws are usually hardened to increase their holding 
power. Except for square-head set screws, all set screws 


are headless. 





SQUARE HEAD HEX. SOCKET 


| FIG. 15:10 
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|. TYPICAL SET SCREWS 2. AVAILABLE SET-SCREW POINTS : 


|. REGULAR TYPE 2. SELF-LOCKING KNURLED 3. SELF-LOCKING KNURLED THREAD 
POINT 





: FIG. 15:11 STYLES OF CUP-POINT SET SCREWS 


Clearance Holes 


In order to hold parts together, screw-thread fasteners 
must pass through one or more clearance holes before they 
enter a nut or a tapped hole. A clearance hole is one that is 
slightly larger than the diameter of the body or the head of a 
threaded fastener. Clearance holes permit the bodies and 
heads of screw-thread fasteners to pass through parts or to 
sit below the surfaces of parts, as shown in Figure 15:12. 

As a general rule, clearance holes are not shown on 
working drawings in order to save drawing time and to 
promote clarity. Refer to Figure 15:13. 


FIG. 15:12 





Screw- Thread Fasteners in Section 





Screw-thread fasteners remain unsectioned in sectional 
views. In a sectional view it is also recommended that 
threads be drawn only on the fasteners in order to save 
drawing time and to promote clarity. 


i i im 

a 
U7, 
Yi 


| 


l 


—— 
——9 
[ee | 
———| 
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=a 
ae 
es 


| 


, FIG, 15213 
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REVIEW QUESTIONS 


1. How does the length of a fillister-head cap 
screw differ from that of a flat-head cap 
screw? 


2.What is the difference between a cap 
screw and a machine screw? 


3. What advantage do Robertson-head and 
Phillips-head machine screws provide? 


UNIT 3 
How Bolts Are Made 


4, Why are most set screws headless? 


5. Why are the heads of many screw-thread 
fasteners placed below the surfaces of 
parts? 


6. What is a clearance hole? 


Blanks for bolts are made from steel rod. Bolts that have 
diameters up to 25 mm are cold-formed. Larger sizes must 
be hot-formed. After the blanks are completed, the threads 


are rolled. 


Although a hexagon bolt is used, the manufacturing 
method outlined in Figure 15:14 and 15:15 applies, with 
slight variations, to the production of many types of screw- 


thread fasteners. 





2. IST UPSET 3; UPSET 
AND EXTRUDE HEAD 


FIG. 15:14 BOLT-MAKING OPERATIONS 


|. SHEAR 








4. TRIM 5. CHAMFER . ROLL 
THREAD 


L hy eee 
Lo uae Ne MOVING DIE | | 
5. Chamfer & “ | 


6. Thread rolling 


| FIG. 15:15 SCHEMATIC VIEW OF BOLT-MAKING OPERATIONS : 
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How Nuts Are Made 





Figures Is: I6 and 15:17 illustrate the method used to cold- 
form hexagon nuts. Note that the threads are cut by a tap 





|. SHEAR 


| FIG. 15:16 NUT-MAKING OPERATIONS 


F FIG. 15:17) SCHEMATIC VIEW OF NUT-MAKING OPERATIONS 


since internal threads cannot be rolled satisfactorily. 


5; PIGRCE 6. CUT THREAD 


TAP AND TAP-HOLDER 
ROTATE CONSTANTLY 
THROWING TAPPED 
NUTS INTOA 
RECEPTACLE. 


a 


? a 


PLUNGER PUSHES 
NUT BLANKS 
ONTO THE TAP. 





6. Cut thread 
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Standard Parts 


Most screw-thread fasteners are standard parts, that Is, 
they are produced by companies that specialize in the man- 
ufacture of threaded fasteners. 

Screw-thread fasteners are only one example of the 
many hundreds of standard parts that are available for use 
in engineering work. Washers, rivets, bearings, taper pins, 
dowel pins, and shaft keys are additional examples. 

Whenever standard parts are used on machines or mech- 
anisms, detail working-drawings need not be made. Such 
parts can be purchased ready-made in whatever quantities 
are required. 

The sizes of standard parts are listed in engineering hand- 
books and in trade catalogues for the convenience of 
draftspersons and designers. As a convenience for the stu- 
dent, the sizes of standard parts are included with the draw- 
ing problems in the text. 





TAPER PIN 


|, LOCK NUT 
DOWEL PIN 


5. THREADED 6. V-BELT 
FASTENER 


FIG. 15:18 TYPICAL EXAMPLES OF STANDARD PARTS 
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8. ROLLER-CHAIN AND 
SPROCKET 





To draw square nuts and square bolt heads 








| FIG. 15:19 


To draw hexagon nuts and hexagon bolt and cap-screw 
heads 


WASHER FACE IS \V 

ACTUALLY 0.4mm sf USE THE 30° - 60° 

THICK. USE 0.5 mm SET SQUARE. 
FOR DRAWING PURPOSES .§ oe — 


| FIG. 15:20 
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Nut and Bolt-Heads Templates : 


Figure 15:21 shows a nut and bolt-heads template that can 


be used to draw the hexagon heads of a wide range of 
screw-thread fasteners. Such a template saves considera- 


ble drawing time. | 











REVIEW QUESTIONS 

|. Bolts and cap screws that have a major 3. Refer to Figure 15:16(5). What diameter of | 
diameter larger than 25 mm must be hot- the nut thread is equal to the punched hole 
formed. Why? in the blank? | 

2. Refer to Figure 15:14(5). What diameter of 4,Screw-thread fasteners are standard 
the bolt thread is equal to the smallest parts. What does that mean? | 


diameter of the bolt blank? 
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| SCREW-THREAD FASTENER PROBLEM 









29A/F 







29 SQUARE £0 
50 THREAD LENGTH 


50 THREAD LENGTH 
: 29 SQUARE 
H15 x 45° 


SQUARE HEAD BOLT AND NUT HEXAGON WASHER-FACE BOLT AND NUT 





M20 x 7OLG. M20 x 7OLG. 
=~) |8 
ease | EMA ome 
\ 921 
STRAIGHT —= 
KNURL ae 
7 
| 74 
FULL-LENGTH—= 
THREAD 
~ HEAD DETAIL 
Ix 45° 
* Wee, lx 45° 
CUP-POINT SOCKET SOCKET-HEAD BUTTON-HEAD SOCKET 
SET SCREW CAP SCREW CAP SCREW 
M12 x 1.75—50LG. M12 x 1.75—50LG. M12 x 1.75—50LG. 
rer 
4 : Bs SCREW-THREAD FASTENERS 
125° 


SCALE 1:1 
POINT DETAIL 





instructions 
. see suggested layout below. 


. Include broken-out section of cup-point 
set screw. 


. Use schematic representation for bolt 
threads, simplified representation for bal- 
ance of threads. 





. show fastener name and size specifica- 
tions below each fastener. 


5. No hidden lines 


6. Letter METRIC 9 mm high in a suitable 
location. | = 


8A/F 






|_8 STRAIGHT KNURL | 





lo 
| 0.5 DP. x 2 WIDE 
40 UNDERCUT 
ee <a-——— 1) |6 
: “e——0.5 x 45° 
MI2 x |.75 same 
19 = | DP. x 3 WIDE 
i = UNDERCUT 
|x 45° 
BOTH ENDS 
SHOULDER SCREW 
O16 x 40 LG. 
027 BA/F 
- 90° 
f_\ | 
6 
HEAD DETAIL 
i lx 45° 
FLAT-HEAD SOCKET 
CAP SCREW 


MI2 x 1.75—60LG. 





SUGGESTED P3 SHEET LAYOUT 
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: SCREW-THREAD FASTENER PROBLEM 







ROUNDS AND FILLETS R2 
UNLESS SHOWN OTHERWISE. 


M20—ll0 LG. 
5 x 45° CHAMFER 


ail \D _ 


1.5 x 30° CHAMFER 





L, ) \ 208 HEXAGON NUT 
as MATERIAL—S.A.E. 2140 HOT-ROLLED STEEL 







Ny) ll 
N\ 


WASHER 
MATERIAL—NO. 40 BRASS 


EYEBOLT 
MATERIAL—ASTM 60! FORGING STEEL 


EYEBOLT DETAILS 
SCALE I:1 


EYEBOLT SECTION A-A 





SUGGESTED P3 SHEET LAYOUT 


| Instructions 
|. Prepare an assembly view and detail 4, Use the dimensions shown in brackets to 


working-drawings of the eyebolt and locate eyebolt details in the assembly 
details. See suggested layout. view. Do not show them on completed 


2. Detail drawing of eyebolt to include a drawing. 
|  revolved-sectional view through head and 5. Letter METRIC 9 mm high ina suitable 
| a full-sectional view atA A. location and show the following note: 
| 3. Break threaded diameter of eyebolt as Dimensions.re in millimetres. 
indicated. 
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| SCREW-THREAD FASTENER PROBLEM 












(6) HEX. WASHER-FACE CAP SCREW @) SOCKET-HEAD CAP SCREW 
Ml4—50 LG.—HEAD 9 THICK x 22A/F MI2—40 LG. THREADED FULL 
40 THREAD LENGTH—1.5 x 45° CHAMFER LENGTH—! x 45° CHAMFER 
SLOTTED SET SCREWS (6) F.H. SOCKET CAP SCREW SEE DETAILS BELOW. 
MIO—20 LG.—CUP PT. MIO—40 LG.—I.5 x 45° CHAMFER 
SEE DETAILS BELOW. Ha 22 x 90°—SEE DETAIL SOUARE-HEAD BOLT 


(3) HEX. WASHER-FACE BOLT MI6 — 55 LG. —HEAD 10 THICK x 24A/F : 
40 THREAD LENGTH—.5 x 45° CHAMFER| 


MI6—55 LG.—HEAD 10 THICK x 24A/F 
30 THREAD LENGTH—1.5 x 45° CHAMFER 


| (2) HEAVY HEX JAM NUTS 


22A/F x 8 THICK 
CHAMFERED BOTH (2) 


















A es Dis 
l0 
(1) stub 
| Ml4—60 LG. THREADED | 
| 25 EACH END—15 x 45° f 
| EACH END l2 
SOCKET-HEAD 
CAP SCREW DETAILS 
TOP PLATE 
| 6 
40 CBORE x 25 DP. 
ON THE UNDERSIDE 0.8 
SQUARE NUT FLH. SOCKET CAP 





RIO 
IS THICK x 24A/F - SCREW DETAIL 






Z, 


<TAP THROUGH 





| Instructions 

| 1. Prepare a two-view drawing showing the 
top plate, key, and bottom plate secured 
by the fasteners shown. No dimensions or] 
hidden lines. Use a P3 sheet. 


| 2. Make front view an offset-sectional view. 
Section line for cast iron. 


| 3. Show the broken-out section of the set 






BOTTOM PLATE] i 


HEX. WASHER-FACE NUT f{\ 


I3 THICK x 24A/F SET-SCREW DETAILS 





/ screw. 
SCREW-THREAD FASTENERS IN SECTION | 4, Letter METRIC 9 mm high ina suitable 
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Tapers are commonly used on machine parts and cutting 
tools. Their purpose is to position the parts and tools quickly 
and hold them in place, usually without any type of mechan- 
ical fastening device. 

In this chapter the principles underlying the design and 
the use of tapers, including the calculation of taper sizes, 
are studied and applied. 





A taper is a feature of a part which becomes proportionately 


smaller in size at all points along its length from its larger 
end to its smaller end. 

In mechanical manufacturing, conical tapers are the type 
most commonly used. As such, all references to tapers, in 
this and subsequent chapters, will apply to tapers of conical 
configuration. 


Taper Terminology _ 


For technical drawing purposes, a taper consists of two 

diameters of different sizes that are located on the same 

axis and spaced any distance apart. Tapers are wedges and 

are used extensively to position cylindrical parts and to hold 
them in place. 





SMALL DIAMETER 
LARGE DIAMETER 


ANY DISTANCE 


| FIG. 16:2 A TAPER 
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|. PLAIN 


2. CONICAL 


3. PYRAMIDAL 





| FIG. 16:1 EXAMPLES OF TAPERS | 


| FIG. 16:3. TWIST DRILL WITH SELF-HOLDING TAPER 


| FIG. 16:4 TAPERED MACHINE PARTS 


Dimensional Elements 





Figure 16:5 shows the basic dimensional elements of a 
taper. The total taper is the difference between the large 
diameter and the small diameter. Taper per millimetre is the 
reduction in size of the large diameter for every millimetre 
of taper length. This is measured along the axis of the taper 
and expressed in millimetres. For example, if the taper per 
millimetre of a part is 0.15, it means that the large diameter 
reduces 0.15mm in size for every millimetre of taper 
length. Taper per millimetre is usually abbreviated and 
shown as taper/mm. 





SMALL 
DIAMETER 


INCLUDED 
ANGLE 


TAPER/mm 


» FIG.16:5 TAPER ELEMENTS 


LARGE 
DIAMETER 
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Tapers can be made to any size. Industry, however, has 
standardized several types of machine tapers in order to 
promote uniformity in those areas of mechanical manufac- 
turing where tapered parts are used and interchanged a 
great deal. 

Morse, Brown and Sharpe, Jarno, and American Standard 
Machine are the standard tapers common to the North 
American continent. 


To determine taper sizes 
The basic formula used to determine taper sizes is: 


Taperlmm = LD — sD i: SD 

LD = large diameter 
SD = small diameter 
L = length 


When any three elements of the basic taper formula are 
known, the fourth can be determined by simple algebraic 
transposition. The following taper formulas, therefore, are 
variations of the basic formula. 


LD = SD + (taper/mm x L) 
SD = LD — (taper/mm x L) 
L. = LL = Sv 

taper/mm 
As a matter of convenience and to obtain greater accuracy, 
it is recommended that a calculator be used to solve taper 
problems. 


To determine the total taper 
The total taper can be determined by using the small and 
the large diameter or by using the length and the taper/mm. 


Total taper = LD — SD 
or 
Total taper = L x taper/mm 


To determine the included angle 
The included angle of a taper can be determined by using a 
calculator that has inverse (INV) and tangent (TAN) keys, as 
shown in Figure 16:6, or by means of trigonometric tables. 
The tangent of half the included angle of a taper is always 
equal to half the taper/mm. For example, half the included 
angle of a taper that has a taper/mm of 0.12 mm will have a 
tangent of 0.06. 
lf a calculator is used, the tangent of half the included 
angle is fed into the calculator and the INV and TAN keys 
are depressed, as required, to provide the desired angle. 
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This is then multiplied by 2 to obtain the included angle. 
Angle readings on the calculator, of course, are displayed in 
decimal form. 

If trigonometric tables are used, they should provide 
angle readings in degrees and minutes, as do those used in 
most drafting, machine shop, and mathematics class- 
rooms. Students who have not studied basic trigonometry 
will require a brief explanation of how to use the tables. 


Example of included angle calculation 
A taper has a taper/mm of 0.16. What is its included angle? 
Tangent of half the included angle = tapetmm 

_ 0.16 

— 2 

= 0.08 
In the tables the closest tangent readings immediately 
above and below 0.08 are 0.07987 and 0.08016. 


Determine which is closer as follows: 








0.08000 0.08016 
0.07987 0.08000 
0.00013 0.00016 


Of the two readings, 0.07987 is closer. 


Select the required angle, in terms of degrees and minutes, 
using 0.07987 as the tangent. 


Half the included angle = 4°34’ 
.. Included angle = (4°34’) x 2 
= 8°68’ 
= 9°S' 


Specifying Angular Dimensions 


The size of an angular feature can be specified in degrees, 
parts of a degree, or both. This is usually done by means of 
degrees, minutes, and seconds, or by expressing the size 
of an angular feature as a decimal number. For example, 


SF 1227" oY 37.25" 
53°29’ or 53.5° 
O°19’10" or 0.33° 
0°46’ or 0.77° 


It is common industrial practice to show angular dimen- 
sions on technical drawings as decimal numbers. To do this 
requires that the angle readings provided by trigonometric 
tables be changed to decimal form. Since the use of 
seconds as part of angular size specifications is rare, the 
following examples deal with degrees and minutes only. 
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Sample question and solution 
Express 72°28’ in decimal form. Round off the calculated 
answer to the second place. 


Solution: 


Since 28’ = a of one degree, 


then 28’ expressed as a decimal 


= 0.4666667° (calculator reading) 


72°28’ expressed as a decimal 


= 72.4666667° (calculated answer) 


= 72.47° (final answer) 


Frequently it is necessary to change angle dimensions from 
decimal form to degrees and minutes. This is easily done by 
reversing the above procedure. 


Sample problem and solution 


Write 32.27° in terms of degrees and minutes. 
Round off the final answer to the nearest minute. 


There are sixty minutes in one degree. 
Therefore, 0.27 x 60 = 16.2’ 


32° + 16.2’= 32°16.2’ 
= 32°16’ (final answer) 


REVIEW QUESTIONS 


. What type of tapers are most commonly 


used In mechanical manufacturing? 


. Use a calculator or refer to a set of trigono- 


metric tables, preferably a set that lists 
angles in degrees and minutes. Determine 
the included angles of the following four 
tapers. The tangent of half of each angle of 
the tapers is 0.036425, 0.057, 0.131, and 
0.2245 respectively.. 


. Fhe taper on a machine part has a large 


diameter of |69 mm and a small diameter 
of 130 mm. The taper is 260 mm long. 
What is the total taper, the taper/mm, the 
included angle of the taper to the nearest 
minute, and the included angle expressed 
as a decimal number? 


Change the following angle dimensions to 
decimal form. Round off your calculated 
answers to the second decimal place or 
add the necessary zeros as required. 

(a) 37°37’ (c) 0°43’ 

(b) 61°29’ (d) 28° 
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. Express the following angle dimensions in 


degrees and minutes. 
(a) 54.75° 
(b) 77.20° 


(c) 13.42° 
— (d) 0.32° 


6. A taper has the following sizes. Determine 


its length and its included angle to the 
nearest minute. 

LD = 160 mm 

SD = 146mm 

Taper/mm = 0.14 


7. A taper has the following sizes. Determine 


its small diameter. 
LD = 240 mm 
Taper/mm = 0.20 
L = 290 mm 


g. A taper has an included angle of 2.40°. It 


has a length of 206.4mm and a small 
diameter of 27.7 mm. Determine the fol- 
lowing. Round off your answers to the 
second decimal place: 


(a) taper/mm ~~ (b) LD (c) total taper 


9. The taper on a part has the specifications 
listed below. Determine its length, small 
diameter, and taper/mm. Give your 
answers rounded off to the second deci- 
mal place where necessary. 

Large diameter-94.3 mm 
Total taper- 16.7 mm 
Included angle - 13°17’ 


UNIT 2 
Dimensioning Tapers 





Figure 16:7 shows how external and internal tapers are 
usually dimensioned on technical drawings. The included 
angle is used for gauging purposes along with the gauge- 
line diameter. It is usually expressed as a decimal number. 


0.13 TAPER/mm 


: GAUGE-LINE | < 
GAUGE-LINE | . DIAMETER GAUGE-LINE 


: |. EXTERNAL TAPER 2. INTERNAL TAPER 
| FIG. 16:7 





Gauge-Line Diameter 


When a taper is designed, it is common practice to permit. 
the external taper to project out of the internal taper in 
which it will be seated. The gauge-line diameter, along with 
the included angle, are the elements of a taper that are 
used for gauging purposes. The gauge-line diameter of 
assembled tapers, therefore, is usually equal to the diame- 
ter of the large end of the internal taper. Refer to 
Figure 16:8. 
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r EXTERNAL TAPER PROJECTION 





| FIG. 16:8 ASSEMBLED TAPERS 


To determine the gauge-line diameter of a taper 

Since the gauge-line diameter of an internal taper Is its large 
diameter, use the LD formula on page 240. To determine 
the gauge-line diameter of an external taper, or any sizes 
relating to it, use the procedures outlined in the following 
sample questions. | 


1. An external taper has the following specifications. Deter- 
mine its gauge-line diameter if it is located 8 mm from 
the large end. 


Length = 180 mm 
Large diameter = 54mm 
Taper/mm = 0.15 


Solution: 
Gauge-line diameter = LD — (taper/mm x gauge-line diam- 
eter locating dimension) 


= 54 — (0.15 ~x 8) 
= 54 — |.2 
= 52.36mmM 


2. Determine the gauge-line diameter locating dimension of 
the external taper in the drawing on the right. Give your 
final answer rounded off to the second decimal place. 


Solution: 
LD — gauge-line dia. 
taper/mm 
_ 49.5 — 47.6 
0.11 
|7.272727 (calculator 
reading) 
17.27 (final answer) 


Gauge-line locating dimension = 


0.1 TAPER/mm | 
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3. Determine the large diameter of the external taper in the 
drawing on the right. Give your final answer rounded off 
to the second decimal place. 


Solution: 

LD = gauge-line diameter + (gauge-line diameter 
locating dimension x taper/mm) 

62.8 + (11.6 x 0.12) 

62.6 + 1.392 

= 64.192 (calculator reading) 

= 64.19 mm (final answer) 


0.12 TAPER/mm 





To dimension external gauge-line diameters 
Extension lines of external gauge-line-diameter dimensions 
are usually drawn at an angle so they will stand clear of the 
object lines and be clearly visible. Any angle can be used, 
but 30° is recommended. Gauge lines are drawn thin and 
black. 

Refer to Figure 16:7 on page 243 for complete taper 
dimensioning information. 


FIG. 16:9 DIMENSIONING AN EXTERNAL 
GAUGE-LINE DIAMETER 





REVIEW QUESTIONS 


I. Determine the gauge-line diameter of an 3. Determine the-small diameter and large 


external taper that has the following sizes 
and is located ||.2 mm from the large 
diameter. Give your final answer to the 
second decimal place. 


Length = 116 mm 
Small diameter = 39.7 mm 
Included angle = 7°43’ 


2. What is the gauge-line diameter locating 
dimension of an external taper that has the 
following specifications? 

Large diameter = 22 mm 
Length = 84mm 

Gauge-line diameter = 20.7 mm 
Small diameter = 17.8 mm 


diameter of an external taper that has the 
dimensions listed below. Give your final 
answers to the second decimal place. 
Included angle = |7.15° 

Gauge-line diameter = 88.6 mm 
Gauge-line diameter locating dimension = 
9mm 

Total taper = 32.53 mm 


. Determine the gauge-line diameter locat- 


ing dimension applicable to the taper 
below. 
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| TAPER PROBLEM 





@I0 x 50 DP. 


AUTOMATIC TOOL DRIVER 
SCALE I:1 





| Instructions 






| 1. Prepare a detail working-drawing of the 4, Dimension the view as shown. Add the 
Automatic Tool Driver on a P3 sheet. Com- missing dimensional sizes. 
plete the view by adding the missing 5. Add the following notes: 
features. / 





| . Material—BA-4670 ASTM H.R. Steel 
| 2, The Woodruff keyseat is for a No. 809 Cyanide harden to Brinell BHN 100-110 as 
: oar er drt ca oo it has per heat-treating specification DZR954. 
a |4 mm radius which is located 3 mm | 

Remove burrs and sharp edges. 
: anova ties) GaiMeter Dimensions are in millimetres. 
| 3. The taper has a37.5 mm small diameter. . ae ram 
Calculate the gauge-line diameter locating  & Letter METRIC 9 mm high in a suitable 
| dimension and the missing dimension location. 
a above it. | 
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| TAPER PROBLEM 


170 A\.5 


8x O52 /~025 x |27 DP. 


| 


26 


IN 






Oy 
a 

















M64 x 6—4h 
34.85 
? 35.00 
M20 x |.5—5H Dl03 
DOUBLE-THREAD , I La 5 
90° CSK. 622 sone a 
R15 25 oe 
0.25 TAPER/mm 
INCLUDED ANGLE - 
CUTTER ARBOR 
SCALE I:1 
| Instructions 3. Locate and show the gauge-line diameter 
|. Prepare a detail working-drawing of the to the first decimal place. Show the 
Cutter Arbor on a P3 sheet. Use pictorial included angle of the taper, rounded off to 
representation to show the external the nearest minute, below the taper/mm. 


thread and simplified representation to 


show the internal thread. Make the front 4. Add the following notes. 


view a full-sectional view. Depth of exter- Material—S.A.E. 46410 Hot-rolled Steel 
nal thread is 5 mm. Use third-angle projec- Harden to Rockwell 50-55C. 

| — tion. Remove burrs and sharp edges. 

| 2. The gauge-line diameter is located 20 mm Dimensions are in millimetres. 
from the left face of the flange. Calculate 5. Letter METRIC 9 mm high and draw the 
the gauge-line diameter and the included ISO projection identity symbol in suitable 





| angle. locations. 
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| TAPER PROBLEM 


(13 - 20 CBORE. |0 DP. 
6 HOLES 


SPINDLE SUPPORT 
SCALE I:1 





|. Instructions 
. Prepare a detail working-drawing of the 4. Place finish marks in the following places: 
Spindle Support on a P3 sheet. Make the On the second largest diameter 
front view a full-sectional view. Complete On the 030 
the views by adding the missing features. On the left face of the flange 
Use pictorial representation to show the ~ On both ends of the Spindle Support 


5. Add the following notes: 


thread. The counterbored holes are 


| equally spaced. Use third-angle projection. Material—ASTM297-55HC Cast Steel 
| 2. The taper is 22 mm in from the left end of Pattern No. 3]/0-4 
| the Spindle Support. Determine the Rounds and fillets R3 
taper/mm and the included angle of the 
taper. Round off the taper/mm to the sec- Remove burrs and sharp edges. 
ond decimal place. Take the included Dimensions are in millimetres. 
angle to the second decimal place. 6. Letter METRIC 9 mm high and draw the 
| 3, Dimension the views as shown. Supply ISO projection identity symbol in suitable 
| the missing dimensional sizes. locations. 
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| TAPER PROBLEM 


75 35.15 


3 HOLES 







7 WIDE x 3.5 DP. 
KEY WAY 


Ml2 - 2 HOLES 


INCLUDED ANGLE OF TAPER - 


SPLIT-TAPER BUSHING 
SCALE I:1 
| instructions (1.5 x Chore. Dia.). Complete the included 
| 1. Prepare a detail working-drawing of the angle note by showing the included angle 
Split-Taper Bushing on a P3 sheet. Com- in decimal form. Immediately following 









plete the views provided by adding the this, show the included angle in degrees 
missing features. Make the front view a and minutes (see item 2 above) in brack- 
Tull-sectional view. ets. 
2. The small diameter of the taper is 4. Add the following notes: 
| 80.95 mm. Determine the taper/mm to the Material—S.A.E. 2430 Steel 
second decimal place. Determine the 





Black trate finish as per specification 
included angle to the second decimal Pig FIeCeG. INISN aS per speci 


place and round off to the nearest minute. 


| 3. Dimension the views as shown. Supply 
| the missing dimensional sizes including 





Dimensions are in millimetres. 
Remove burrs and sharp edges. 







the angles of the equally spaced holes. 5. Letter METRIC 9 mm high and draw the 
The B.C. dimension = the flange O.D. —- ISO projection identity symbol in suitable 






locations. 
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| TAPER PROBLEM | 


78 120 —— 
= 2 Ps WIDE x | DP. 
XXX TAPER/mm rs) s-0.5 x 45° BOTH ENDS 
INCLUDED ANGLE *05 4 
0.5 x 45° | Ju 7 ae 
j | 











[no x 0 GENERAL 
05 x10 DP PURPOSE ACME 
x 


60° CSK. 2 DP. SECTION A-A 
BOTH ENDS 


FEED-CONTROL SHAFT 
SCALE I:1 
























| 1. Prepare a detail working-drawing of the included angle of the taper, andthe locat- | 
Feed-Control Shaft on a P3 sheet. Com- ing dimension for the gauge-line diameter. | 
plete the views provided by adding the 5. Dimension the views as shown. Show the | 
missing features and details. Use pictorial missing gauge-line diameter locating 
representation to show the Acme thread. dimension to the first decimal place. Show | 
Use simplified representation to show the the included angle of the taper below the | 


thread on the left end. taper/mm. Round it off to the second deci- | 


i] 


. Determine the major diameter of the mal place. Complete the required thread 
Acme thread. Round off the calculated designation of the Acme thread shown 
size to the nearest whole number. Speciti- above by replacing the zeros with the 
cations of the Acme thread are as follows: major diameter and the pitch. 

MA— 19.6604 6. Add the following notes. 
Pitch—8 Material—ASIC-4520S-60H Steel 


Depth—4.25 mm 


| . Stress relieve at |150°C to 1250°C after 
| 3. Note the use of break lines to shorten the rough machining per heat-treating specifi- 
| Acme thread. For drawing purposes, make cation L20-17. 


this thread 85 mm long. Draw two or three 
Acme threads at each end. Use phantom 
lines between them. 


| 4. The small diameter of the taper is 


Remove burrs and sharp edges. 
Dimensions are in millimetres. 


7. Letter METRIC 9 mm high in a suitable 
location. 
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In Chapter || it was explained that two types of working- 
drawings are used in the field of machine drawing: detail 
working-drawings and assembly working-drawings. 

In this chapter some of the basic principles associated 
with the use and preparation of assembly working-draw- 
ings are dealt with. 


UNIT | | 


When a new machine or device is to be designed and 
manufactured, the person responsible for designing it is 
provided with its general operating and performance 
specifications. The necessary design work must be carried 
out within the requirements of these specifications. 

After studying the general specifications and making a 
few design sketches, the designer begins to draw what is 
known as a design layout. The design layout allows the 
designer to record his or her ideas on paper, in the form of 
orthographic views, as the design work progresses. Even- 
tually the design layout assumes the appearance of an 
assembly drawing, providing the general size, shape, and 
location of each component of the new piece of equipment. 

The amount of time spent in developing and completing a 
design layout, of course, depends on the size and the com- 
plexity of the equipment involved. During the design pro- 
cess it is frequently necessary to make many calculations in 
order to determine the size, shape, and strength of the 
individual components. It is often also necessary to investi- 
gate and assess the possible uses of various materials, as 
well as the manufacturing and production processes best 
suited to produce the final product. It is during the design 
Stage that a knowledge of manufacturing materials and 
processes and of mathematics and scientific principles is an 
important aid to the designer. 

After the design layout has been completed, the next 
step is to prepare the required working-drawings that will 
be used to produce the new item. In addition to the neces- 
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sary detail working-drawings, an assembly working-draw- 
ing is also prepared. Although similar in many respects to 
the design layout, an assembly working-drawing provides a 
great deal more detail that is essential for production pur- 
poses. 

When all the working-drawings have been completed, 
they are checked, approved, and issued to those depart- 
ments, contractors, and individuals involved in producing 
the new equipment. The design layout is then filed in the 
drafting office for future use and reference. 


10 HEX. SOCKET 


ENN 
care 
| i SSI PPS Uh SN IH 
A SSS 
\/ 


METRIC DIMENSIONS ARE IN MILLIMETRES. 
FIG. 17:1 AN ASSEMBLY-WORKING DRAWING. 


Assembly Working-Drawings 


An assembly working-drawing indicates how the individual 
parts of a machine or piece of equipment are assembled to 
make a complete unit. An assembly working-drawing pro- 
vides the following essential information. 


1. lt describes the shape of the assembled unit. 


2. It indicates how the individual components are positioned 
in relation to each other. 
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PARTS LIST 


QUAN. 


NAME 
ADJUSTING ARM 


2 SPROCKET SHAFT 


TAPERED BUSHING 
NO. 50-2 SPROCKET 


NO. 1635-DC NICE 
BALL BEARING 


CENTRE SPACER 


M8 x 30 LONG 
SOCK. HD. C/SCREW 


5 


-| = 


END SPACER 


HEXAGON JAM NUT 


M8 x 25 LONG 
SOCK. HD. C/SCREW 


20mm TYPE “A” EXTERNAL 
TOOTH LOCK WASHER 


HIDDEN LINES ARE 
KEPT TO A MINIMUM 
ON ASSEMBLY WORKING 
DRAWINGS. 


DWG. NO. 


PT-4-7 





3. It identifies each part. 


4, It provides a parts list that describes and lists the essen- 
tial data concerning each part. 


5. It provides, when necessary, reference information con- 
cerning the physical and functional characteristics of the 
assembled unit. 





REVIEW QUESTIONS 

|. What is a design layout and what purpose drawings differ from detail working-draw- 
does it serve? ings? 

2. A design layout is not a working-drawing. 5. Why is it necessary to prepare assembly 
What does that mean? working-drawings? 

3. Why are assembly working-drawings not 6. Why does a designer need to have a good 
dimensioned in the same manner, or as background in mathematics and science? 
fully, as detail working-drawings? 7. Why is a design layout not used for pro- 

4. Essentially how do assembly working- duction purposes? 

UNIT 2 


The parts list of an assembly working-drawing lists numeri- 
cally each component of an assembled unit. In addition, it 
provides important specifications concerning many of the 
parts listed, such as name, material, quantity required per 
unit, and size specifications. 

Only the names of non-standard parts, that is, parts for 
which detail working-drawings have been made and which 
must be manufactured, are listed in the name column. 

In the material column, the abbreviation STD. is com- 
monly used to indicate a standard part for which a detail 
working-drawing is unnecessary and which must be pur- 
chased from a supplier. Complete specifications for stan- 
dard parts are listed in the name column along with the part 
name. This information is used for ordering purposes. The 
following are typical examples of standard parts specifica- 
tions. 


(a) MIO—50 Lg. Socket Head Cap Screw 

(b) No. 5601-DBS-6 SKF Thrust Bearing 

(c) No. 4x 50 Lg. Taper Pin 

(d) FCB-I12 Boston Gear Shaft Coupling —35 mm Bore 


The upper or lower right-hand corner of an assembly 
working-drawing is usually reserved for the parts list. Gen- 
erally speaking, parts list details and specifications should 
be spelled out completely in order to avoid any misunder- 
standing. However, the use of conventional abbreviations, 
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to save time and space, is acceptable. A few of these are 
shown below. 


Long—Lg. Cast lron—C.l. 

Neoprene — Neop. Cap Screw — C/Screw 
Bronze — Brz. Flat Head —F.H. or F/Head 
Socket-Head—Sock.-Hd. Bearing — Brg. 

Round Head—R.H.—Rd. Hd. Steel— Stl. 
Aluminum—Alum. Point— Pt. 


Figure 17:2 provides an example of a simple parts list 
along with suggested dimensions. Parts lists on industrial 
assembly working-drawings are usually more elaborate and 
frequently include additional information, such as the pat- 
tern numbers, tool numbers, die numbers, and stock 
numbers of standard parts. 


_3 TO6.mm LETTERING 


PARTS LIST 


NAME MATL. 
8 mm SPACES FOR | "HOUSING | CAST IRON 
SINGLE LINES OF COVER PLATE CAST IRON 


COLLAR 


M8 x 1.5 - 40 LG. 
_SOCKET- HEAD CAP SCREW _ 


LETTERING SLEEVE a 


13TO 18mm SPACES FOR 
PARTS REQUIRING 
DOUBLE LINES OF LETTERING 


NOTE THE VARIETY OF 

SECTION LINING AND 
THAT SOLID COMPONENTS | 
_ REMAIN UNSECTIONED. | 


C= 


| FIG. 17:2) SUGGESTED PARTS LIST FOR UPPER RIGHT-HAND CORNER 





Sectioned Parts on Assembly Working- 
Drawings © 


The section lines used on seceaaby working- drawings 
should vary in order to make each part easier to see. Differ- 
ent types of section lines, as well as different spacings and 
angles of inclination, are recommended for this purpose. 
Refer to Figure 17:3. 

As a general rule, solid parts that do not have interior 
features, such as_ shafts, pins, keys, and threaded 


fasteners, remain unsectioned on assembly working- -draw- | FIG. 17:3 SECTION LINING ON AN 
ings. ASSEMBLY WORKING-DRAWING 
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Every part on an assembly working-drawing must be identi- 
tied by means of a number. Each number is lettered within 


‘a parts identification balloon that has a leader that ends at or 


on the part identified. Refer to Figure 17:1. 


HINTS REGARDING PARTS BALLOONS AND LEADERS 


Group balloons in straight lines, clockwise, and in 
sequence, If possible, around the view or views. 


. Place balloons at a reasonable distance from the views. A 


minimum distance of 30 to 40 mm is recommended. 


. Use straight leaders when possible. Bend a leader when 


it is necessary to maintain clarity. 


. Draw leaders of varying angles. Avoid vertical and hori- 


zontal leaders. 


. Place parts balloons close to the parts being identified in 


order to avoid extra-long leaders and the need to pass 
over too many other parts. 


. Leaders that pass over sectioned parts should be drawn 


so they do not become confused with the section lines. 


7. Avoid drawing leaders through the corners of parts. 


_|LEADERS ARE USUALLY 
INCLINED, —__ 


|. LEADERS RADIATE FROM THE CENTRES OF 
PARTS IDENTIFICATION BALLOONS. 


NUMERALS 3 TO 6 mm 


\ 


QI2BALLOON | | 
=| SLIGHTLY THICKER 
| THANLEADER | | 


2. AN ARROWHEAD IS USED WHEN A LEADER 
TERMINATES AT THE OUTSIDE EDGE OF A PART. 


3. ADOT IS USED, IN PLACE OF AN ARROWHEAD, 4. LEADERS CAN BE BENT TO MAINTAIN CLARITY. 
WHEN A LEADER TERMINATES ON A SURFACE KEEP BENDS TO A MINIMUM. 


RATHER THAN ON AN EDGE OF A PART. 


FIG: 17:4 PARTS IDENTIFICATION LEADERS 
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Reference Information 


An assembly working-drawing, like a detail working-draw- 
ing, must be complete in every respect. It must provide 
orthographic views, a parts list, and the identification of 
parts. An assembly working-drawing must also provide, 
where necessary, any additional information that will clarity 
for persons reading the drawing the essential physical and 


functional characteristics of the assembled unit. 
The additional information that is often added to assem- 


bly working-drawings is called reference information. it can 
take the form of notes or dimensions. Several of the 
assembly working-drawings in this chapter require reter- 
ence information to be shown. 


REVIEW QUESTIONS 


2. 


e) 


oI 


6. 


7. 


How can non-standard parts be recog- 
nized on an assembly working-drawing? 


Why must a parts list supply complete 
Specifications regarding standard parts? 


.How can sectioned adjacent parts be 


made more apparent on an assembly 
working-drawing? 


.Why is it frequently necessary to show 


reference information on assembly work- 
ing-drawings? 


. Why ts it unnecessary to prepare detail 


working-drawings of standard parts? 


Suggest why solid parts are not usually 
sectioned on assembly working-drawings. 


A manufacturer produces 55 000 pumps a | 


year. Each pump requires 4 O-rings of the 
same type and size. How many O-rings 
must be ordered each year if an additional 
3% are ordered to be used as replacement 
parts for stock? 
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gs. A manufacturer plans to produce 150 000 


units of a new product. Each of the new 


units requires the following standard 
parts. 
QUANTITY PARTS DESCRIPTION 
6 No. 6557 -DZ New Departure 
Double-Row Ball Bearings 
[4 M8-20 Lg. Socket-head — 
Cap Screws | 
2 M3-10 Lg. Socket Knurled-Point 
: Set Screws 
2 FHP-850 V-Belts 


How many of each standard part must be 
ordered if 5% more of each are ordered 
than is required for production purposes? 


9. If the O-rings in Question 7 sell at $6.50 


per hundred less 22.5%, what does it cost 
the manufacturer to purchase the required 
number of O-rings? 


RI BOTH ENDS 





| ASSEMBLY WORKING-DRAWING PROBLEM Ms 


Ml4 









|x 45° 
(4) PIN Jia BOTH EDGES| 


MATERIAL—S.A.E. 1030 COLD-ROLLED STEEL 3 


SCF — TO SUIT (4) 






FILLETS RIO |x 45° 






D 35 
MEDIUM 























: PULLET AS — cup 
as KNURL 
MI4—40 LG. 
RIO (3) THUMBSCREW 
YOKE DETAIL MATERIAL—S.A.E. 1060 HOT-ROLLED STEEL 
(2) YOKE 
MATERIAL — ASTM 603 FORGING STEEL (0 75 
V-BLOCK 
Z : a SCALE I: 
75 L 4 
SN Ey HEAD DETAILS FOR 
r\X EL. DRAWING PURPOSES. 
60° (4 FEET) . I> 
@) Boby . 25 
a Ne 


| MATERIAL — TWS - 8 GRAY CAST IRON 





USE PHANTOM-LINE | 
CIRCLE TO REPRESENT 

2s WORK PIECE. SIDE VIEW| 
ONLY. 







REMOVE SHARP EDGES. 






Instructions 
| 1, Use a P3 sheet. 
| 2. Show the following note on the finished 


drawing: , 
: ¥ : sia ; PARTIAL SIDE VIEW 
Dimensions are in millimetres. 


: 3. Letter METRIC 9 mm high ina suitable 
| — location. 
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| ASSEMBLY WORKING-DRAWING PROBLEM . 


















118° 


SCALE I:1 
tT 
TO SUIT END OF @ 10 


SCREW DETAIL 
HOLE IN (2) 






2 
: f M TOOLMAKER’S VISE 


@8 - PRESS 


FIT IN @) 


. J RI BOTH ENDS ©) PIN 
| MATERIAL—S.A.E. 1020 COLD-ROLLED STEEL 


M8 x I—II LG. SLOT 1.5% 3 DP. 


HEAD DETAIL 





os LOCK SCREW 


MATERIAL—S.A.E. 1060 
HOT-ROLLED STEEL 


lx 45° 
BOTH EDGES 
(3) SCREW 


MATERIAL—S.A.E. 1060 HOT-ROLLED STEEL 


ke 


M8 x | THROUGH TO 


[55 @10 HOLE 


C1) BODY JAW IS SHOWN BOTTOM SIDE UP 
MATERIAL—40W MALLEABLE CAST IRON FOR DIMENSIONING PURPOSES. 
@ iO — 42 DP. 


(2) JAW 


peseecenerre et eee, saan ae ateeean 
, REMOVE SHARP EDGES. 

| 1. Use a P3 sheet. Make the front view a full- 

' sectional view. 


| 2. Add the following notes: 


REMOVE SHARP EDGES. 


Vise capacity —65 mm 
| Dimensions are in millimetres. 
: 3. Letter METRIC 9 mm high ina suitable 


location. SHOWING SLOT DETAILS 





BOTTOM VIEW OF BODY 
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| ASSEMB 






(1) HOUSING 


MATERIAL—S.A.E. 4260 
FORGING STEEL 


vA (2) BALL BEARING 
DIAMOND KNURL NO. I7M40—BKS SKF 


STANDARD PART 


ROUNDS AND FILLETS RI 


62 






0.07 TAPER/mm 


a 


(3) BACK-UP RING (@) SNAP RING (6) TAPERED SHAFT 
MATERIAL—S.A.E. 2140 NO. |20Y— 3 MATERIAL—S.A.E. 2140 HOT-ROLLED STEEL 
HOT-ROLLED STEEL STANDARD PART 











Instructions _ 
| t. Use a P3 sheet. Make the front view a half-sectional 

| view. 

| 2. Show the taper/mm as dimensioned on the tapered shaft. 
| 3, Add the following notes: 

| Maximum speed under load—5000 rev/min 

Dimensions are in millimetres. 


| 4, Letter METRIC 9 mm high ina suitable location. : : 


LIVE CENTRE 
SCALE 1:1 
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| ASSEMBLY WORKING-DRAWING PROBLEM 


Mi2 — 27 DP. 









(1) BASE 


| MATERIAL — NO. 80S CAST IRON 


ROUNDS AND FILLETS NOT 
DIMENSIONED TO BE R5 








KEYWAY 4 WIDE x 2 DP. || 


40 













@I3—25 SFACE. So ig | 
2 HOLES % | 
oe / | : (4) SOCKET-HEAD CAP SCREW 
REFERTOBEARING, | STANDARD PART 
PART NO. 3, TOOBTAIN | 

REQUIRED DIMENSIONS | © |2.5 — 8.5 C BORE. 
OF BEARING SEAT. f I2 DP. — 4 HOLES 
Fai. BOTH ENDS LER >, 

hg a [7 et \ 


(2) CLAMP PLATE Ni LOD 


MATERIAL — NO. 80S CAST IRON © 









ROUNDS AND FILLETS NOT 
DIMENSIONED TO BE R5 











REFERTO BEARING,  § 
PART NO. 3, TOOBTAIN § 
REQUIRED DIMENSIONS | 

OF BEARINGSEAT. | 


pee O58 < 
4 WIDE x 6 DP. | PILLOW BLOCK SQUARE KEY 










iS) BENRING SCALE I:1 
MATERIAL — 503 OILITE BRONZE MATERIAL—4 x 4 STD. STEEL KEYSTOCK 
| Instructions 
1, Use a P3 sheet. Make the front view an Clearance for MI2 cap screws 
offset half-sectional view. Size of hole in bearing 
: 2. Show the following dimensions: 3. Add the following note: 


Distance from underside of base to Dimensions are in millimetres. 


centre of main hole 
Distance between mounting poles 
Holes in base as follows: 


4, Letter METRIC 9 mm high in a suitable 
location. 
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| ASSEMBLY WORKING-DRAWING PROBLEM 







STEM CASTER 
SCALE |:1 









(1) FRAME 
MATERIAL — 70F CAST STEEL 


ROUNDS AND FILLETS RI.5 
UNLESS SHOWN OTHERWISE 


RI | BOTH SIDES 


% 6 — 2 HOLES ig | 
| | THROUGH @ 20 BOSSES AN : 
| ON BOTH SIDES OF FRAME 


R6 | 





DETAIL OF LUG 
LUG IS 14 WIDE AND 






LOCATED ON ONE LEG ONLY. 2x O13 O15 - 4 HOLES 
Ix 45° ON 57 B.C. 
(2) CASTER WHEEL 
| MATERIAL — NO. 75 BLACK NEOPRENE 
105 ROUNDS AND FILLETS NOT 

DIMENSIONED TO BE RI.5 

ra 

HEAD DETAIL 
D 22 
© 20 





BEARING TO PROJECT 2 mm 
BEYOND HUB FACES : 
__OF CASTER WHEEL. _| 


RI BOTH ENDS} 













(5) NO. 430 SNAP RING oS 
STANDARD PART (3) AXLE @) BEARING : 
MATERIAL—S.A.E. 2440 HOT-ROLLED STEEL MATERIAL — 503 OILITE BRONZE : 
| Instructions 
| 1, Use a P3 sheet. Make the front view, from Diameter of stem 
centre of caster wheel down, a half- Length of stem 
| sectional view. 3. Show the following notes: 
| 2. On finished assembly drawing show the Capacity of caster— 150 kg 
following: Dimensions are in millimetres. 
Diameter of caster wheel cia ¢ 
Distance from centre of axle to end 4. Letter METRIC 9 mm high in a suitable 


of stem location. 
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| ASSEMBLY WORKING-DRAWING PROBLEM 


r 37 
020.5 | 


CLEARANCE 






Dl2.5 
2 HOLES 


M20 TO SUIT (9) 







= 
: 


ny , [ea 


: 


RESTS AGAINST RIGHT | 
SIDE OF PART NO.I.  { 





ROUNDS AND FILLETS R2 





ROUNDS AND FILLETS 
R2 UNLESS DRAWN OTHERWISE. 


(1 )ADJUSTING ARM 
MATERIAL—ASTM 60 MALLEABLE IRON (2) BASE PLATE 


MATERIAL—ASTM 60 MALLEABLE IRON 


THIS SIDE TO 
FACE INTO (3) 


ALL | = 7 
| 

r ! 

Naas 6.5 


M8 SET SCREW 


Gi 


Nina\ 


NK _E RSS 


~ TO suIT (4) oe pe | 
| | 020 
(5) DKS-3006 SKF BALL BEARING I7 | 


STANDARD PART 







0.5 x 45° 





LLL 





(6) DC-I06 BOSTON SHAFT COLLAR 
STANDARD PART 





Instructions 
i. Use a P2 sheet. Make the front view a full- 
section view. 


2. Show size of outer base plate holes and 
centre distance of holes in base plate 
and adjusting arm. No hidden lines 
except as noted for pulley shaft. 


3. Bracketed information is not to be shown 
in the parts list. 

4. Show the following note: 
Dimensions are in millimetres. 


5. Letter METRIC 9 mm high in a suitable 
location. ; | | _ 







ADJUSTABLE IDLER PULLEY 
SCALE I:1 








| SEE OPPOSITE PAGE| 
FOR ADDITIONAL DETAILS. | 
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CONTINUED FROM | 
oe ore Te 


BOTH ENDS 


D150 





(9) WASHER-FACE HEXAGON 
CAP SCREW - M20—65LG. 


FILLETS RI TO sutT (8) STANDARD PART 





NO. 20 TYPE ‘A’ EXTERNAL— 
(3) DOUBLE-V PULLEY TOOTH LOCK WASHER 


MATERIAL—40 SFT ALUMINUM STANDARD PART 


‘ 
I3 
2 + 
TO SUIT (5) BOTH ENDS 


(8) STYLE 60C SNAP RINGS 
TO sulT (6) (32 O.D. x 23 I.D. x 2 THICK) 


STANDARD PARTS 


03 OIL HOLES—LEFT END TO SUIT (1!) 
SHOW THESE ON ASSEMBLY DRAWING. 


(4) PULLEY SHAFT 
MATERIAL—S.A.E. 1040 STEEL 


4 8 a? a _ 1.5 
Ho 
I +7 


4 He-PRESS FIT IN (4) 
LTO SUIT (4) 06 


N 
uo 


1 


@25 638 


(7) BEARING RING NO. 1002 GITS 
SPRING-TOP OILER 


MATERIAL—S.A.E. 1040 STEEL STANDARD PART 
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In this chapter the principles of size tolerancing are 
presented and explained. Size tolerancing is a special 
method of dimensioning the sizes of parts. It helps to 
ensure that parts will fit together at assembly without hav- 
ing to rework or hand fit them. 


UNIT | | 


Companies that mass produce such things as automobiles, 
stereos, dishwashers, motorcycles, or any of the other 
countless mechanical and electrical devices that roll off 
assembly lines every day, do so by employing the principles 
of interchangeable manufacture. Interchangeable manutac- 
ture is a system whereby the same parts of identical pro- 
ducts are manufactured in a manner that eliminates any 
need for additional machining or fitting at assembly. 

For example, assume that a typewriter repair person dis- 
assembled two electric typewriters of the same make and 
model and mixed up the parts on a work bench. The repair 
person could quite easily reassemble the two typewriters 
without having to do any machining or fitting, even though 
many of their parts would be interchanged during the 
reassembly process. All parts would fit together to make 
two typewriters even though each component was no 
longer part of the typewriter on which it was originally 
mounted. The repair person could do this because the 
same parts of both typewriters were manufactured within 
identical limits of size, shape, and positional accuracy. This 
is the underlying principle of mass production and inter- 
changeable manufacture. 

The manufacture of mechanical equipment began during 
the Industrial Revolution, about 1750. However, it was not 
until the early years of this century that the principles of 
interchangeable manufacture began to be adopted and 
employed universally by industry. 
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FIG. 18:1 THE PRINCIPLES OF INTERCHANGEABLE MANUFACTURE MAKE IT 
POSSIBLE FOR MASS-PRODUCED PARTS, SUCH AS THESE ENGINE 
BLOCKS, TO BE ASSEMBLED WITH OTHER PARTS WITHOUT THE 
NEED FOR ADDITIONAL MACHINING OR FITTING. 


Perfection Is Impossible To Achieve 





Ideally, interchangeable parts are those that have no size, 
shape, or positional inaccuracies; that is, each is perfect in 
every respect. As an example, suppose it was possible to 
manufacture a large quantity of the washer shown in 
Figure 18:2 so that each was made exactly in accordance 
with the dimensions and the orthographic views. If this 
could be done, the sizes of each washer would be perfect 
and exactly as specified on the drawing. Also, the two 
cylindrical features of each washer would be perfectly cylin- 
drical, since the drawing implies perfect cylindricity. Fur- 
thermore, the geometric features of every washer would 
have perfect positional accuracy (concentricity), which the 
orthographic views also Imply. 

However, it is impossible to make a perfect washer. Per- 
fection is possible only in theory. Human beings are imper- 
fect and the machines and equipment they design and 
build, no matter how carefully they are made, are also 
imperfect. 

The materials from which parts are made may seem 
identical, but there are many differences in them. Also, the 
production processes introduce other variables that make it 
impossible to produce perfect parts. 


| FIG 18:2 
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Even though it is impossible to achieve manufacturing 
perfection, industry has, nevertheless, developed many 
ways of obtaining extremely high degrees of accuracy. It 
should also be understood that, for all practical purposes, 
perfectly-made parts are not essential in order to achieve 
fit, function, and interchangeability. In fact, many of the 
features of most parts, regardless of what they are used 
_ for, do not require even relatively high degrees of accuracy. 
Where great accuracy is not required, it is economically 
impractical to provide it. On the other hand, it is possible to 
design and to build extremely efficient machines and 
mechanical equipment within the limits of accuracy that are — 
now readily available. When necessary, these can be held 
to within a few thousandths of a millimetre. Perfect parts 
for machines and mechanical equipment, therefore, are 
actually unnecessary. 


I. Why is it that the parts of mass-produced 3. Consult a dictionary to see how each of 
products can be easily interchanged? the following terms is defined. — 

2. What characteristics would the features of (a) perfect (b) accurate (c) imply. 
a part have if the part were perfect in all 4, List the basic reasons why manufacturing 
respects? perfection is impossible to achieve. 

UNIT 2 


Until the beginning of the twentieth century it was custom- 
ary for manufacturers to fit by hand, at assembly, the parts 
of the machines and equipment they were building. This 
was essential because the actual sizes of features of manu- 
factured parts varied too much from the sizes called for on 
their detail working-drawings. 

Hand fitting, of course, was costly and _ inefficient 
because each part had to be reworked during the assembly 
process to make it fit and function properly. Furthermore, 
hand fitting slowed down production and eliminated any 
possible chance of parts being interchangeable. 


Figure 18:4 gives some idea how detail working-drawings 
were dimensioned before industry adopted the principles of 


mass production and interchangeable manufacture. Note 
that all dimensions are shown as absolute sizes. Absolute 
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FIG. 18:3. A TYPICAL SHOP OF THE LATE NINETEENTH CENTURY WHERE HAND 
FITTING WAS THE ACCEPTED METHOD OF ASSEMBLING PARTS 


sizes are theoretically perfect sizes and are often called 
nominal sizes or exact theoretical sizes. Note also that the 
diameters of the pin and the ring are provided with a cover- 
ing note that specifies the type of fit required at assembly. 

It is impossible to make pins and rings to the absolute 
sizes specified on the drawings. Furthermore, the drawings 
do not indicate just how accurate (close to perfection) the 
sizes must be. The decision concerning dimensional accu- 


SNUG FIT 





- BOTH ENDS 


3 FIG. 18:4 THE USE OF ABSOLUTE SIZES LEAVES THE QUESTION OF DIMENSIONAL 
ACCURACY TO THE SKILL AND JUDGMENT OF THE SHOP. 


- B20 


SNUG FIT 


FOR (1) 


so 





267 





racy must therefore be made by the shop. Dimensional 
accuracy becomes a matter of skill and personal judgment 
on the part of those who must produce the pins and rings. 
As a result, the dimensional accuracy of the pins and rings 
would vary widely. | 

It is obvious that if the pins and rings had to be produced 
in quantity, under the above conditions, there would be very 
little chance of any two pins or rings being dimensionally 
alike. Furthermore, the shop would have to spend a great 
deal of time hand fitting individual pins to individual rings. 
There would be no assurance that all pins would fit all rings 
in accordance with the type of fit specified on the drawing. 
The overall result, of course, is that the interchangeability of 
the pins and rings is completely eliminated. 


REVIEW QUESTIONS 

1. What are the disadvantages of fitting parts dimensional accuracy of parts to be 
by hand at assembly? decided by those who must make them. 

2. What is the disadvantage of using only 4. What is an absolute size? 
absolute sizes on detail working-draw- 5, Refer to Figure 18:4 and suggest why the 
ings? term ‘‘snug fit’’, as used on the drawings, 

3. Suggest what is wrong with leaving the is not precise. 

UNIT 3 





During the early decades of this century an improved and 
precise method of specifying the dimensional sizes of 
mass-produced parts on detail working-drawings was 
developed. This method is called size tolerancing. Size 
tolerancing eliminates the guesswork previously associated 
with the accuracy of the size of parts. It also helps to ensure 
the interchangeability of parts, which is the basis of modern 
assembly-line production. 


BASIC PRINCIPLES OF TOLERANCING 
The underlying principles of size tolerancing are very sim- 
ple. Size tolerancing provides a maximum and a minimum 
limit for each dimension of a part. These are commonly 
referred to as high and low limits. The shop must work to 
these limits. Any manufactured parts whose dimensions do 
not fall within the limits specified are rejected as part of the 
inspection process. 

Figure 18:5 shows an inspector using a triple-dial gauge 
to check the sizes and centre distance of a connecting rod. 
lf one or more of the actual dimensions do not fall within 
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FIG. 18:5 INSPECTION IS AN IMPORTANT PART OF THE MANUFACTURING 
PROCESS. 


the preset limits on the dials, the connecting rod being 
inspected is rejected as unsuitable for assembly purposes. 


Figure 18:6 illustrates the principle of size tolerancing 
applied to the outside diameter of a pin and the hole diame- 
ter of a ring. Note that each diameter has a high-limit size 
and a low-limit size. The limit sizes instruct the shop that 
the finished diameters of all pins must not exceed 
25.50 mm or be smaller than 25.49 mm and that the fin- 
ished diameters of all holes must not exceed 25.47 mm or 
be smaller than 25.46 mm. Pins and rings whose external 
and internal diameters fall outside the size limits called for 
are rejected. Note that the difference between the limit 
sizes of a dimension is called the ‘‘tolerance”’. 

The primary purpose of limit dimensions is to eliminate 
the need to rework parts at assembly. As such, if all pins 
and rings had diameters machined to the size limits called 
for in Figure 18:6, all pins would fit all rings. It would not 


matter who made them, where they were made, or in what 
quantity they were produced. 


HIGH LIMIT = 25.50] 
LOW LIMIT = 25.49} 


TOLERANCE = 0.01 | 


HIGH LIMIT = 25.471 


LOW LIMIT = 25.46 | 


FIG. 18:6 USE OF LIMIT DIMENSIONS 











TOLERANCE 

A tolerance is an acceptable range or degree of inaccuracy 

that applies to a given dimension. The feature to which the 

dimension applies must be produced within this range. 
Reference to Figure 18:6 indicates that the tolerance of a 

dimension is obtained by subtracting its low-limit size from 

the high-limit size. 


THE COMPONENTS AND SUB-ASSEMBLIES OF THE ENGINE MUST FIT TOGETHER AT 
ASSEMBLY WITHOUT ADDITIONAL FITTING OR SIZING. APPLYING TOLERANCES TO THE 
DIMENSIONS OF THE ENGINE PARTS ENABLES THIS TO BE ACCOMPLISHED. 





: FIG. 18:7 EXPLODED VIEW OF AV-8 AUTOMOBILE ENGINE 


NOMINAL SIZES 

Nominal sizes are standard sizes, that is, sizes which can be 
read on commonly used measuring instruments. They are 
used for convenient reference or identification purposes. | | 
They are usually specified as whole numbers, although very | SOMNALSZE = s7 mm] 
small sizes are frequently taken to the closest half-millime- | 
tre. 

Figure 18:8 shows a hole that is dimensioned by means 
of non-standard limit dimensions. The nominal size of the 
hole is 37 mm since it is the standard size closest to the 
specified limit dimensions. This is the size that you would 





| FIG. 18:8 
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use for convenient identification purposes when referring 
to the hole. 

Additional examples of nominal sizes that apply to the 
actual measured sizes of a machine part are shown in 
Figure 18:9. : | 





| FIG. 18:9 


TOLERANCE ELEMENTS 

The limit sizes of dimensions are determined by adding or 
subtracting predetermined tolerance elements to or from 
their nominal sizes. 

For example, assume that the nominal size of a part 
feature is 22 mm and that its predetermined tolerance 
elements are plus 0.04 and minus 0.03. The high-limit and 
low-limit sizes of the feature would be 22.04 mm and 
21.97 mm with a resulting total tolerance of 0.07 mm 
(22.04 — 21.97 = 0.07). 


REVIEW QUESTIONS 
hg 
|. How is the tolerance of a dimension deter- 6. Suggest why it costs more to produce 


mined, assuming that its high-limit and 
low-limit sizes are known? 


. Suggest why parts must be inspected 


before being accepted for assembly pur- 
poses. 


3. What are nominal sizes? What purpose do 


they serve? 


4. What is the nominal size for each of the 


following? 

(a)9.18mm_ (b) 37.8 mm 
(c)64.2 mm_ (d) 212.96 mm 
(e) 40.07 mm 


5. What tolerance and nominal size apply to 


the dimensioned features in the following 


drawing? 





very accurate parts than It does to produce 
relatively inaccurate parts? 


. Assume that the diameter of a shaft is 


measured and found to be very accurate. 
What does ‘‘very accurate’” mean? 


. Suggest why the dimensions of parts 


should be provided with as much toler- 
ance as possible. 


. What are the limit sizes and the total toler- 


ance applicable to each of the following 
dimensions? 
(a) 4575 15 (b) 6% 


(c) Cy (d) 14 +0.044 


—0.028 
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UNIT4 
Non-Critical Dimensions 


Any dimension that does not affect the fit or the function of 
a part is a non-critical dimension. Non-critical dimensions 
are shown on detail working-drawings as absolute 
numbers. They are not usually shown to more than one 
decimal place. 

Typical examples of non-critical dimensions are those 
used to specify the sizes of clearance holes, the lengths of 
shafts, and the overall dimensions of unmachined features 

of sand castings and forgings. 








| FIG. 18:10 EXAMPLES OF NON-CRITICAL DIMENSIONS 


Most dimensions of parts are non-critical. Even so, some 
degree of accuracy must be assigned to them for produc- 
tion purposes. This is usually done by means of a blanket 
tolerance note rather than by providing an individual toler- 
ance as part of each non-critical dimension. 

A blanket tolerance note is usually preprinted in or near 
the title block or title strip of a technical drawing. Every 
company decides what tolerances are to be shown in its 
blanket tolerance note. Those selected reflect the limits of 
accuracy best suited to the type of manufacturing involved. 

Figure 18:11 is a typical blanket tolerance note that might 
be preprinted or hand-lettered on a detail working-drawing. 
It simply indicates to anyone reading the drawing that, 
unless a non-critical dimension signifies otherwise, one of 
the plus or minus elements within the blanket tolerance 
note will apply. 





Uptolo0mm =+0.1 
Over lOO upto300mm =+0.2 
Over 300 uptob500 mm +0.5 

Over500mm +! 
Angles =+0.5° 
| FIG. 18:11 BLANKET TOLERANCE NOTE 
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TOLERANCES UNLESS OTHERWISE SHOWN 








Critical Dimensions 


ity of parts are called critical dimensions and must be more 
accurate than non-critical dimensions. There are three 
methods that can be used to indicate critical dimensions on 
detail working-drawings. Before these can be dealt with, it 
is essential to introduce and explain the term ‘‘maximum 
material condition size”’. 


Maximum Material Condition Size 


EXTERNAL FEATURES 
With regard to the external features of parts, such as diam- 
eters, the high-limit dimension is always the maximum 
material condition size. The maximum material condition 
size is the limit size that provides a feature with the most 
material. This makes it the largest acceptable size. It is 
usually abbreviated to MMC. Refer to Figure 18:12. 





‘MMC = 18.95 } MMC = 60.25} 


FIG. 18:12 MMC SIZES—EXTERNAL FEATURES 


INTERNAL FEATURES 

For the internal features of parts, such as the widths of 
slots and grooves and the diameters of cylindrical holes, the 
maximum material condition size is the low-limit dimen- 
sion. Refer to Figure 18:13. The low-limit dimension pro- 
vides the most material around a feature. This makes it the 
smallest acceptable size. 


MMC = 35.08 | 


| FIG. 18:13 MMC SIZES—INTERNAL FEATURES 


Dimensions that affect the fit, function, or interchangeabil- 


MMC = 19.64 | 
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1.A cylindrical hole has a low limit of 
17.05 mm and a high limit of 17.16 mm. 
What is its MMC size, tolerance, and nom- 
inal size? 


2 A shaft has a low-limit diameter of 
40.265 mm and a tolerance of 0.022 mm. 
What is its MMC size, its nominal size, and 
its high limit? 

3. How can a critical dimension be identified 
on a detail working-drawing? 


4.When are blanket tolerances applied to 
the dimensions on detail working-draw- 


Assume the blanket tolerance note on 
page 272 applies. 
(a) 3.4mm (c) 36° 
(bo) 76.5 mm (d) 80mm 
6. Which of the following dimensions applies 


to an exterior feature and which applies to 
an interior feature? 


| é 71.510 | 
71.498 


A 


29.06 
29.08 








ings? 

_A drawing shows the following non-critical 
dimensions. List the high limit, the low 
limit, and the tolerance applicable to each. 


Oi 


UNIT 5 


Tolerances of critical dimensions are shown on detail work- 
ing-drawings as an integral part of the critical dimensions 
concerned. The following methods can be used to specity 
the limit sizes and tolerances applicable to critical dimen- 
sions. All of the tolerancing methods discussed in this unit 
are widely used throughout industry. The one that is best 
suited to any particular manufacturing situation depends on 
the product involved, the type of machine tools and produc- 
tion equipment available, and the preference of the 
engineering department doing the designing. 


A critical dimension that has a unilateral tolerance usually 
consists of the maximum material condition size plus the 
amount of variation between it and the high or low limit, 
depending on whether the feature is external or internal. In 
either case the amount of variation permits the MMC size 
to increase or decrease in one direction only (unilaterally) 
and is equal to the tolerance involved, as shown in Figures 
18:14 and 18: 15. 
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7.WWhat is the difference between critical 
and non-critical dimensions? 


HIGH LIMIT = 60.00 § HIGH LIMIT = 40.00 
LOW LIMIT = 59.95 | LOW LIMIT = 39.93 § 


TOLERANCE = 0.05 | TOLERANCE = 0.07 i 


| FIG. 18:14 UNILATERAL TOLERANCES—EXTERNAL FEATURES 


HIGH LIMIT = 38.03 HIGH LIMIT = 22.04 § 
LOW LIMIT = 38.00 LOW LIMIT = 22.00 } 


TOLERANCE = 0.03 | TOLERANCE = 0.04 | 


+Q.03 
| 


: FIG. 18:15 UNILATERAL TOLERANCES—INTERNAL FEATURES 





Bilateral Method 


A bilateral tolerance consists of a positive value and a nega- 
tive value placed beside a basic size. The basic size is the 
size to which the production equipment is set up. The posi- 
tive value is added to the basic size to determine the high- 
limit size. The negative value subtracted from the basic size 
gives the low-limit size. Each specified amount of variation 
in a bilateral tolerance alters the basic size in two directions 
(bilaterally) as shown in Figures 18:16 and 18:17. 





P HIGH LIMIT = 51.05 | HIGH LIMIT = 26.02 | 
LOW LIMIT = 50.95 | LOW LIMIT = 25.98 | 


| | BASIC SIZE | TOLERANCE = 0.10 TOLERANCE = 0.04 


-_ 51 t0.05 


BASIC SIZE] 


@26 0.02 


N ) pd 





| FIG. 18:16 BILATERAL TOLERANCES —EXTERNAL FEATURES 


275 


















| HIGH LIMIT = 18.605 | 


BASIC SIZE] 


“HIGH LIMIT = 87.1 | 
LOW LIMIT = 86.9 | 






LOW LIMIT = 18.595 § . 





[BASIC SIZE] | TOLERANCE = 0.2 | TOLERANCE = 0.010 | 
\ ~—018.6 40.05 
—_ 87 tO0.l 
\\ 
| FIG. 18:17 BILATERAL TOLERANCES —INTERNAL FEATURES 


Direct Method 
The direct method of tolerancing consists of indicating the 
high-limit and low-limit sizes involved. The direct method 
eliminates the need for anyone reading a detail working- 
drawing to calculate the high and low limits arithmetically. 
This reduces the possibility of error. 

When the direct method is used, the MMC size is placed 
in the upper, more prominent position since the MMC size 
is the size the shop will work to. Working to the MMC size 
provides the smallest amount of clearance or the largest 
amount of interference between functional features. This is 
due to the fact that a minimum of material is removed. 

Of the three tolerancing methods outlined, the direct 
method is the one most widely used in precision manutac- 
turing. 





__-{wc size] 
31.56 | 
Sins _ 
: N\ 
SN on 
pt 


S 





| FIG. 18:18 DIRECT METHOD—EXTERNAL FEATURES 





a SIZE] 
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FIG. 18:19 DIRECT METHOD—INTERNAL FEATURES 
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FIG. 18:20 THE USE OF TOLERANCES ON A DETAIL WORKING-DRAWING 





REVIEW QUESTIONS 





I. List the following information for each 
dimension shown on the drawings below: 


(a) tolerance (d) MMC size (f) nominal size 
(b) low limit (e) method used to 
(c) high limit specify 
the tolerances 4 ae 
48.850 
—_ 97 _8 7 _ 037.07 *0.02 v 
+0.12 
: 7 WY ‘hae o= 
eo 


\ SX HU; 
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2.A cylindrical hole has a nominal size of 
68 mm. It has a tolerance of plus 0.04 and 
minus 0.02. Determine the limit sizes 
applicable to the hole. By means of a neat 
sketch, show how the limit dimensions 
would be indicated on a detail working- 
drawing by the direct method. 


.A shaft diameter has a nominal size of 
lOO mm. It has a tolerance of +0.03. By 
means of a neat sketch, show the shaft 
diameter dimensioned by means of the 
unilateral method. 


. Study Figure 18:20 and then answer the 

following questions. 

(a) What is the MMC size of the largest 
diameter? 


(bo) What are the angular limit sizes of the 
holes? 

(c) What tolerance applies to the hub 
diameter? 

(d) Whatis the MMC size of the bore? 

(e) The shaft on which the coupling ring is 
mounted has limit sizes of 38.05 mm 
and 37.98 mm. What clearance exists 
between the shaft and the coupling 
ring when 
(i) each is at its MMC size? 

(ii) each is at its low-limit size? 
(ili) each is at its high-limit size? 

(f) What tolerance applies to the counter- 
bore depth? 

(g) Suggest what purpose the forging 
drawing serves? 


UNIT 6 

Allowance is the amount of clearance or interference that 
exists between the functional features of assembled parts. 
There are two types of allowance, positive and negative. 


POSITIVE ALLOWANCE 

Positive allowance is clearance. Therefore, when there is 
_ clearance between the functional features of two parts, the 
allowance is called positive. 

Many parts of machines and mechanical equipment are © 
provided with positive allowance for one or more of the 
following reasons: 

1. To permit mating parts to be assembled by hand 

2.TO permit movement between parts, e.g., between a 
shaft and a plain bearing 

3. To provide space for an oil-type or grease-type lubricant 

4. To provide space for expansion 


To determine positive allowance 
Figure 18:21 shows a ring and a pin whose functional diam- 
eters have been provided with limit dimensions. 





pic 


| FIG. 18:21 
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To determine the maximum and minimum permissible 
allowance that can exist between the functional diameters 
of the pin and the ring, list their limit dimensions in de- 
scending order of size, as follows: 


25.035 
25.000 
24.970 
24.945 


Subtract the smallest from the largest. 
25.035 — 24.945 = 0.090 
Determine the difference between the remaining two. 


25.000 — 24.970 = 0.030 
Maximum allowance = 0.090 
Minimum allowance = 0.030 


An examination of the limit dimensions of the pin and ring 
indicates that the pin diameter is smaller than the diameter 
of the hole in the ring. Therefore, the allowance calculated 
is positive. This indicates that varying degrees of clearance, 
0.030 to 0.090 inclusive, will exist between all ring holes 
and all pin diameters, provided both features are machined 
to the limit dimensions shown in Figure 18:21. 





| FIG. 18:22 





MANY OF THE ENGINE PARTS REQUIRE POSITIVE | 
ALLOWANCE IN ORDER TO FUNCTION PROPERLY. 
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NEGATIVE ALLOWANCE 
Negative allowance is interference. Therefore, when there 
is interference between the functional features of two 
parts, the allowance is negative. 

Many parts of machines and mechanical equipment must 
be assembled in a semipermanent form, that is, in a man- 
ner that requires mechanical force to assemble or to dis- 
mantle them. 

Antifriction bearings, gears, wheels, and pulleys tre- 
quently have to be assembled by forcing them onto their 
shafts or into their housings because it is impractical or 
impossible to hold them in place by screw-thread fasteners 
or other mechanical means. 

Figure 18:23 shows a wheel puller being used to remove 
the timing sprocket from the crankshaft of an automobile. 
The limit dimensions of the hole in the sprocket and of the 
diameter of the shaft are such that the hole in the sprocket 
is always slightly smaller than the shaft diameter. Conse- 
quently, the sprocket has to be pressed onto the shaft by a 
mechanical force such as that produced by an arbor press. 
Removal of the sprocket, of course, requires the mechani- 
cal force developed by a wheel puller. Note that the wheel 

puller utilizes the combined mechanical advantage of its 
screw thread and of. the wrench, which is a lever. 





THE USE OF MECHANICAL FORCE TO REMOVE THE SPROCKET INDICATES THAT 
NEGATIVE ALLOWANCE EXISTS BETWEEN THE FUNCTIONAL CONTOURS OF THE 
SPROCKET AND THE CRANKSHAFT. 


FIG. 18:23 A WHEEL PULLER BEING USED TO REMOVE A SPROCKET FROM THE 
CRANKSHAFT OF AN AUTOMOBILE ENGINE 
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To determine negative allowance 
Figure 18:24 shows a ring and a pin whose functional diam- 
eters have been provided with limit dimensions. 


rt FIG, 18:24 


To determine the maximum and minimum ; peRRGeLS 
allowance that can exist between the functional diameters 
of the pin and ring, list their limit SIMeNSIaNS 1 in descending 
order of size, as follows: 


50.08 
50.05 
50.03 
50.00 


Subtract the smallest from the largest. 
50.08 — 50.00 = 0.08 
Determine the difference between the remaining two. 


50.05 — 50.03 = 0.02 
Maximum allowance = 0.08 
Minimum allowance = 0.02 


An examination of the limit dimensions of the pin and the 
ring indicates that the pin diameter is larger than the diame- 
ter of the hole in the ring. Therefore, the allowance calcu- 
lated is negative. When specified, it must have a negative 
sign or the word ‘‘negative”’ placed in front of it. 


Maximum allowance = —0.08 
Minimum allowance = —0.02 


The negative allowance in the foregoing example indicates 
that varying degrees of interference, 0.02 to 0.08 inclusive, 
will exist between all ring holes and all pin diameters, pro- 
vided that both features are machined to within the limit 
dimensions shown in Figure 18:24. 


Tolerancing Other FeaturesofParts__ 


Since this text is primarily concerned with technical drawing 
practice, it provides only an introduction to some of the 
technology that is associated with the subject. As such, this 
chapter has dealt only with the fundamentals of size 
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tolerancing, because it is the area of tolerancing that Is 
basic to production work and most widely used there. Stu- 
dents, however, should be aware that size tolerancing Is 
only one of four areas of the topic. Tolerances relative to the 
shape of features, the position of features, and surface 
smoothness are the other three areas. They are used by 
many companies that manufacture mechanical equipment 
requiring a high degree of precision. 


REVIEW QUESTIONS 


oi 


_When used with reference to assembled 


machine parts, how do the terms “‘nega- 
tive allowance” and ‘‘positive allowance” 
differ? 


. Refer to Figure 18:22. Name two parts of 


the engine that must fit together accu- 
rately and yet have sufficient clearance 
between them to permit movement. 


.Why must some machine parts have a 


negative allowance between their func- 
tional contours? 


.List the following information regarding 


the dimensions of the pin and ring. 


(a) tolerance (d) high limit 
(b) allowance (e) low limit 
(c) MMC size 
Q22+0.025 
— 
PIN RING 


. A shaft and a cylindrical hole have a nomi- 


nal size of 75 mm. The hole has a toler- 
ance of plus 0.025, minus 0.015. The shaft 
has a tolerance of plus 0, minus 0.020. 
Determine the following: 


(a) limit sizes of both features 
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(ob) MMC size of both features 
(c) maximum and minimum allowance 


6. A pin must be pressed into a cylindrical 


hole. Its nominal size is 15 mm. If the tol- 
erance on the pin Is plus 0.03, minus 0.02 
and the tolerance on the hole is plus 0, 
minus 0.025, determine the following: 


(a) limit sizes of both diameters 
(b) MMC size of each diameter 
(c) maximum and minimum allowance 


. Each of the diameters shown has a toler- 


ance of plus 0, minus 0.015. Each diame- 
ter fits into a cylindrical hole that has a 
tolerance of 0.008. If the maximum allow- 
ance is negative 0.025 in each case, what 
are the high-limit and low-limit sizes of the 
holes into which the three diameters must 
fit? 


BEARING SHAFT 







| TOLERANCING PROBLEM 


4 WIDE x 2 DP. 
KEY WAY 


CLUTCH SPIGOT 
SCALE 1:1 


| Instructions 

1. Complete the views provided ona P3 3. Supply the missing angular dimensions of 
sheet. Make the front view an aligned- the equally spaced holes. 
sectional view. Do not show a cuiting- 4. Add the following notes plus the blanket 
plane line since it is obvious where the — tolerance note on page 272. 
object Is imagined cut. The tapped hole in Material - ASTM 400 Hot-rolled Steel 
the hub goes through both sides. 
oe h — Remove burrs and sharp edges. 

. Locate dimensions as shown. Use the . ; sate 

Direct Method to show the limit sizes of all TITERS IONS ali NE PONENTS: ; 
critical dimensions. Dimensions not refer- 5. Letter METRIC 9 mm high ina suitable 
red to below are to remain as indicated. location. 
Tolerances of critical dimensions are as 
follows: 
All exterior length dimensions and all exte- 

rior dlameters— plus 0, minus 0.02 

~ Main hole— plus 0.06, minus O 
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ME 
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| TOLERANCING PROBLEM 
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Instructions 


. Draw the necessary views. Make the side 
view a full-sectional view taken at a point 
midway between the large hub and the 
projecting lugs. Sectional view to include 
lugs. Provide the necessary abbreviated 
cutting-plane line. Use a P3 sheet. 


. Dimension the views as follows: 


Use the Direct Method to show the limit 
sizes of all critical dimensions. 


Holes through hubs to have high limits 
equal to their nominal sizes plus 0.8. The 
tolerance on each is 0.3. 

Overall width of each hub to have a toler- 
ance of plus 0, minus 0.15. 
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[ CENTRE OF 


TAPPED HOLE 


Centre distance of hubs to have a high 
limit equal to its nominal size plus 0.10. 
Tolerance 0.05. 


Non-critical dimensions to be shown as 
indicated. 


3. Add the following notes plus the blanket 


tolerance note on page 272. 
Material—No. 304HC Cast Steel 
Pattern No. 64N-107 

Fillets around hubs R3 

All other fillets and rounds R1I.5 
Remove burrs and sharp edges. 
Dimensions are in millimetres. 


. Letter METRIC 9 mm high ina suitable 


location. 


| TOLERANCING PROBLEM 





MIO x I—3 HOLES 


Dil — 26 SFACE. 
3 HOLES 


SECONDARY DRIVE PLATE 
CALE |:1 


Instructions i 

. Use a P2 sheet. Make the front view a full- 
sectional view. Complete the views by 
adding the missing features and details. 


. Locate all dimensions as shown. Show all 
critical dimensions by the Direct Method. 
Dimensions not referred to below are to 
remain as indicated. Tolerances applicable 
to critical dimensions are as follows: 
Length— minus 0.20, minus 0.35 
33 Mm—minus 0.35, minus 0.50 
)|106—O0, minus 0.08 
058— minus 0.05, minus 0.13 
045 —plus 0.06, plus 0.02 
083 — minus 0.05, minus 0.10 
30° angles —0°, plus 0.3° 
011 holes—plus 0.056, plus 0.06 | 

| 3. Add finish marks to the following features: 


Bosses, where necessary 
Both end surfaces 





045, 083, and 0106 
Left face of flange 
Diameter and end surface of 058 


4, Add the following note below the limit 


sizes of the 045: (040 core) 


5. Add the following notes plus the blanket 


tolerance note on page 272: 
Material—No. 800S Gray Cast Iron 
Pattern No. J/15338 

Rounds and fillets R3 

Dimensions are in millimetres. 
Remove all burrs and sharp edges. 


. Letter METRIC 9 mm high and draw the 


appropriate ISO projection identity symbo 
in suitable locations. | 
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| TOLERANCING PROBLEM 


IL 


SECTION B-B 


ee 
ae CUTTER 


MIO x 1.25 - 20 DP. [| 


FILLET R3 


2.5 WIDE x | DP. 


| lnstructlons 


. Use a P2 sheet. In addition to the views 
provided, draw section A-A as the right 
side view. No hidden lines. Complete the 
views provided by adding the missing 
features and details. Radius of Woodruff 
keyseat is RIS. 


. On the flange there are four 010 holes 
Spaced 90° apart, and located on the verti- 
cal and horizontal centre lines of the side 
view. Their B.C. diameter is 76 mm. On 
the B.C., in the top left quadrant, at 50° off 
the vertical centre line, is a @6 hole. The 
milled flat is 22 mm above the horizontal 
centre line of the side view. 


. Locate dimensions on the views provided ~ 


as shown. Dimension the side view as 
required and as called for below. Show all 
critical dimensions by the Direct Method. 
Dimensions not referred to below are to 
remain as indicated. Tolerances applicable 
to critical dimensions are as follows: 
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a 5 


03.5 THROUGH 
2.5 WIDE x 2 DP. 


CONVEYOR SHAFT » 


SCALE 1:1 


032 —minus 0.05, minus 0.2 

038— minus 0.025, minus 0.040 

Milled flat height from horizontal centre 
line of side view —plus 0.08, minus 0.06 
B.C.—plus 0.06, minus 0.04 

06 hole—plus 0.55, minus 0.10 
Keyseat width—plus 0.01, minus 0 
Keyseat depth—plus 0.04, minus 0 

50° — plus or minus 0.2° 

280 mm-—plus or minus 0.25 

010 holes—plus 0.06, minus 0.12 


4. Add the following notes plus the blanket 


tolerance note on page 272. 
Material—Type CF-8 Steel 


_ Forging Die No. 743/8-D36 


5. 


Dimensions are in millimetres. 


Normalize and temper to Rockwell 50-55C 
as per heat-treating specification LSC798. 


Letter METRIC 9 mm nigh | ina Sune 
location. 





| TOLERANCING PROBLEM 





6 - lO CBORE. 4 DP. 
6 HOLES EQUALLY SPACED 


AXLE HOUSING 
SCALE |:1 


| Instructions 

. Use a P2 sheet. Make the front view a full- 
sectional view. Complete it by adding the 
missing features and details. 


2. To save time and space, draw only the 
right half of the side view. Show all visible 
and hidden details. See item 5 for the bolt 
circle sizes. 

. Locate front view dimensions as shown. 
Show the following critical dimensions by 
the Unilateral Method. Use each high limit 
as the basic size. 

Length— plus or minus 0.03 
5! mm dimension—plus or minus 0.05 
35 mm dimension—plus 0.10, plus 0.02 

. Use the Direct Method to show the fol- 

lowing critical dimensions: 
Hub diameter—plus 0.03, minus 0 
Left-end counterbore diameter— plus 
0.025, minus 0.035 
45 counterbore diameter— plus 0.075, 
minus 0.045 





245 
(D40 CORE) 


M6 x 0.75 — l2 HOLES 
EQUALLY SPACED 


All dimensions not referred to in items 3 or 
4 are to remain as indicated. 


. Dimension the bolt circles on the partial 


side view. Sizes are as follows: 
Outer tapped holes—@192 
Counterbored holes—@102 
Inner tapped holes—Q51.5 


. Add the following notes plus the blanket 


tolerance note on page 272. 

Material— 1740-64 Cast Steel 

Pattern No. 3645-18 

Stress relieve at |425°C after rough 
machining as per heat-treating specifica- 
tion IOI-9C. 

Remove burrs and sharp edges. 

Rounds and fillets R2 

Dimensions are in millimetres. 


. Add the necessary finish marks to the par- 


tial side view. 


. Letter METRIC 9 mm high ina suitable 


location. 
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| TOLERANCING PROBLEM 







Q10 - 5 CBORE. 7 DP. 
4 HOLES 


5 WIDE x 0.5. DP. 


$25 x 95 DP BOTH SIDES 


60° CSK. 7 DP. 


INTERMEDIATE ROLLER SHAFT 
SCALE 1:1 







| Instructions 55 mm, 73 mm, 150 mm, and 280 mm— 
| 1, Use a P2 sheet. Complete the views pro- plus 0.25, minus 0 
vided by adding the missing features and Included angle of taper—plus 0.04”, 
details. Counterbored holes are equally minus 0° 
spaced. Show the 64 as the only hidden Show the included angle below the 
feature in the side view. taper/mm. 


_ In addition to what can be determined by . All dimensions not referred to in item 3 to 
reference to the above views, the taper be shown as indicated. 
has the following element sizes: . Add the following notes plus the blanket 
LD—52.05 mm tolerance note on page 272. 
Included angle —4.58° Material—S.A.E. 51403 steel 
Determine the gauge-line diameter and Forging Die No. 4306-DS 
the taper/mm. Round each off to the sec- Remove burrs and sharp edges. 


ih poi piace. : Stands Dimensions are in millimetres. 
. Locate all dimensions as shown. Show the t : ° 
following by the Direct Method: sis hme ela Foun 


064 —plus 0, minus 0.045 Heat treat, normalize, and harden to 


05|—plus 0, minus 0.035 | Rockwell 40-45C as per heat-treating 
Gauge-line diameter—plus 0, minus 0.2 specifications File FI60/C2. 


B.C.—plus 0.05, minus 0 ~ 
625 —plus 0.06, plus 0.03 6. Add the necessary finish marks, including 


$10 —plus 0, plus 0.03 those required on the side view. 
Gauge-line locating dimension— plus or 7. Letter METRIC 9 mm high ina suitable 
minus 0.05 location. 
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| BLUEPRINT READING PROBLEM 













Oi 


THIRD ANGLE 










@ll - |6 CBORE. 6 DP. 
6 HOLES EQUALLY SPACED 








@30 x 80 DP. - 90° CSK. 4 DP. 












STRESS RELIEVE AT 1225°C TO 1325°C 
AFTER ROUGH MACHINING. REFER TO BREAK ALL EXTERIOR EDGES RO.5 MAX. 
HEAT TREATING SPECIFICATION L20-17. UNLESS OTHERWISE SHOWN. 







DIMENSIONS ARE IN MILLIMETRES. MATERIAL—AISC-4250S-60H STEEL METRIC 










ROLLER SHAFT SCALE !:1 








| Questions : ; 7, Determine the following characteristics 
| 1. What primary production process will be 


of the taper. Specify each dimension 
used to obtain the shape of the Roller rounded off to the third decimal place. 








shaft? Use the high-limit sizes of any dimen- 
2. What is the nominal size of the gauge- sions required for calculation purposes. 
line diameter? (a) length (b) small diameter (c) large 








diameter 
3. List the tolerance and nominal size of i ; 
each critical dimension that is directly - Determine the included angle of the 
above the front view. taper. Specify it (a) as a decimal rounded 






off to the second decimal place and (b) in 
degrees and minutes. 


8. Using the blanket tolerance note on page 
272, list the high-limit and low-limit sizes 
of the following features: 





| 4. Whatis the MMC size of each critical 
exterior diameter? 


5. The left and centre exterior diameters fit 
into holes that have limit sizes of 50.04 
and 50.06, and 64.000 and 64.035. Deter- 
mine the maximum and minimum allow- (a) maximum external diameter 
ance in each case. (b) bolt circle 


| tersunk h 
6. What is the class of fit of the thread? ic) countersunk hole 










lo. Is the thread fine-pitch or coarse-pitch? 
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In Chapter |! welding was introduced as one of several 
primary production processes. In this chapter many of the 
details concerning the three basic welding processes are 
studied and applied. 


UNIT | 


Essentially, welding is a means of permanently joining indi- 
vidual pieces of metal by melting certain areas of them. 
There are three basic welding processes, each with several 
variations that can be used to suit the many production 
situations and combinations of metals that arise. The basic 
processes are: 


I. Oxyacetylene welding 
2. Arc welding 
3. Resistance welding 


Oxyacetylene welding, commonly called gas welding, 
and arc welding are the welding processes that are of par- 
ticular interest and application in this chapter. 


_|. Oxyacetylene Welding 


In oxyacetylene welding a regulated mixture of oxygen and 
acetylene is burned to provide a flame that can melt local- 
ized areas of the pieces of metal to be joined. As the metals 
liquify, a melted filler metal is introduced by means of a 
welding rod. The filler metal intermingles (fuses) with the 
parent metals to form a welded joint. After the joint cools 
and solidifies, the individual pieces of metal form a single 
part called a weldment. The welded joints of the weldment 
are usually as strong as the pieces of metal that have been 
joined. 

Figure 19:1 shows oxyacetylene welding being done. The 
oxygen and the acetylene flow to the hand torch through 
hoses from pressurized tanks. Relatively speaking, oxyacet- 
ylene welding is low-temperature welding (3315°C maxi- 
mum). It is reserved for applications where there is not too 
much dissipation of heat and where the use of pressurized 
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oxygen and acetylene cylinders is not cumbersome or 
uneconomical. The basic parts of an oxyacetylene outfit are 


shown in Figure 19:2. 


Hee 





FIG. 19:1 OXYACETYLENE WELDING BEING USED TO FABRICATE A SMALL PART 


ACETYLENE Se 


PROTECTIVE SHIPPING 
CAPS 


FIG. 19:2 PARTS OF A GAS WELDING OUTFIT 


REGULATOR 


ACETYLENE 
CYLINDER 


REGULATOR 


OXYGEN 


CYLINDER § 


OXYGEN 


ACETYLENE | 


VALVE 


OXYGEN | 
HOSE 


ACETYLENE 
HOSE 








2. Arc 


Arc welding is done at a higher temperature than oxyacety- 
lene welding. It is also faster and more efficient, particularly 
where there are large areas of heat dissipation such as on 
boilers, storage tanks, bridges, and the steel framework of 
buildings. 

Arc welding achieves the same end results as gas weld- 
ing. However, the heat used to fuse the metals is supplied 
by electricity rather than by burning gases. 

Figure 19:3 shows arc welding being done. A welding 
electrode is clamped tightly in a holder that is connected to 
an arc welding machine. The welder holds the electrode 
close to the parts being welded. This allows the electrode 
to produce a controlled short circuit called an arc. The arc 
generates great heat, which melts the metals of the parts 
and the filler metal of the electrode. These, in turn, fuse to 
create a joint. The electrode is covered with a flux, a sub- 
stance that helps the fusion process, thereby, creating a 

clean, strong welded joint. 









FIG. 19:3 ARC WELDING PARTS OF A STORAGE TANK 


ELECTRODE | ELECTRODE 
ae Oe J 







| | POWER INPUT} 













ELECTRODE if 
FLUX-COVERED METAL ROD. | 
=| CONDUCTS ELECTRICITY 3 | 
AND SUPPLIES FILLER 









WELDING MACHINE 








FIG. 19:4 ARC WELDING ARRANGEMENT ) FIG.19:5 ATYPICAL ARC WELDING MACHINE 
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3. Resistance Welding 





Resistance welding consists of spot welding and seam 
welding. Spot welding unitizes sheet metal parts, such as 
automobile fenders and stove panels, by joining their indi- 
vidual pieces with a series of small spot-welded joints 
Spaced apart at predetermined distances. Seam welding 
joins sheet metal parts with one or more continuous 
welded seams. 

Resistance welding is achieved by forcing electricity to 
flow through localized areas of parts. The resistance to the 
flow of electricity causes electrical friction, which, in turn, 
produces sufficient heat to melt and fuse the localized 
areas of the parts to be joined. Resistance welding can be 
done quickly. Unlike gas and arc welding, there is no need 
for a filler metal to be supplied by a welding rod or an 
electrode. See Figure 19:6. 


MOVABLE UPPER 
CLAMPING ELECTRODE 


RESISTANCE TO FLOW OF ELECTRICITY } 
CAUSES FUSION TO TAKE PLACE. 


agi Be VUASD. ALVVULBBRRRBEBSRE 


FINISHED SPOT WELD 


LOWER STATIONARY 
ELECTRODE 


FIG. 19:6 SPOT WELDING DETAILS 





FIG. 19:8 JOINING TWO ENDS OF A METAL PART 
ON A RESISTANCE BUTT WELDER 
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For resistance seam welding, wheel-type electrodes are 
used. These clamp and roll over the pieces to be joined. By 
doing so, the electrodes produce a continuous welded 
seam. Figure 19:9 shows a typical resistance seam-welding 
machine. 


ELECTRODES CLAMP AND ROLL | 
WORK MOVES OVER THE WORK. 


| FIG. 19:10 SEAM WELDING DETAILS 


Brazing 


The types of welding processes discussed so far in this unit 
involve high temperatures and consist of melting localized 
areas of the parts being joined. Welding involves the pro- 
cess of fusion (melting). 

Brazing, on the other hand, is a low-temperature joining 
process that is done at temperatures ranging from 260° to 
425°C. In brazing the metals of the parts to be joined are 
heated, not melted, to the required temperatures. Then a 
non-ferrous joining metal is introduced between them. This 
flows, by means of capillary action, over the surfaces of the 
heated parts, causing them to stick to each other when the 
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EAM WELD | 








joining metal solidifies. Soft-soldering and silver-soldering 
are typical low-temperature brazing operations. See 
Figure 19:11. 








BRAZED JOINT 


P2227 TAPP OE 


|. WELDING-THE FILLER METAL FUSES 2. BRAZING-THE NON-FERROUS FILLER METAL 

(INTERMINGLES) WITH THE BASE METALS. ADHERES (STICKS) TO THE BASE METALS 
RATHER THAN FUSING WITH THEM. 
| FIG. 19:11 





Braze Welding 





Braze welding is a method of joining metals by introducing 
non-ferrous filler metals into preshaped slots or grooves or 
by building them up at corners. Here again, the metals of 
the parts to be joined are not melted. The filler metals 
simply adhere to the metal parts when the filler metals 
solidify. This provides the necessary unitizing of the parts. 
Very little, if any, capillary action is involved in braze weld- 
ing. 


|. BUTT JOINT 


f FIG. 19:12 BRAZE WELDED JOINTS 


2. CORNER JOINT 





REVIEW QUESTIONS 


|. What is the basic difference between gas 





process and which one is combustible? 


welding and arc welding? 5. List the advantages of arc welding com- 
2. What is the essential difference between pared with those of gas welding. 
resistance welding and the other types of 6. How does fusion take place in resistance 
welding? welding? 
3. What is a filler metal and what purpose 7.What types of welded joints can be 
does it serve? obtained by means of resistance welding? 


4. What gases are used in the gas welding 
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UNIT 2 


ReasonsforWelding 





Welding makes it possible to manufacture a single, perma- 
nent unit from two or more preshaped metal parts. In con- 
struction the individual steel framework components ot 
buildings are usually welded to make very strong, perma- 
nently integrated structures. Welding is also used in pipe- 
line work to join the separate sections of pipe into a single, 
continuous, leakproof tube. 





FIG. 19:13 ARC WELDING LENGTHS OF PIPE AT THE JOB SITE 


Welding is often employed as an alternative and more 
desirable means of producing certain types of machine 
parts because it is cheaper and provides stronger and often 
lighter parts. In many cases the size, shape, and accuracy 
requirements of the parts make welding the most practical 
means of manufacturing them. 

Figure 19:14 shows a small cylindrical part that could be 
designed and built more economically as a weldment than 
as a casting or by manufacturing it from solid stock. 


STANDARD 
THICKNESS 


NUN 


LL ELL 


ZL 
STANDARD 
DIAMETER 


S 
A 
S 

N 


LUIS 





|. WELDMENT 2. CASTING 


3. MACHINING FROM BAR STOCK 


USE OF STANDARD SIZE STOCK 
REDUCES MACHINING COSTS. USE 
OF STEEL PROVIDES A LIGHTER, 
SMALLER, AND STRONGER PART. 


| FIG. 19:14 
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MAKING THE NECESSARY PATTERN 
AND MOULDS IS EXPENSIVE. AS 
CAST IRON IS NOT AS STRONG AS 
STEEL, CAST IRON PARTS MUST BE 
MADE LARGER TO OBTAIN THE 
REQUIRED STRENGTH. CAST STEEL 


EXPENSIVE AND TIME-CONSUMING. 
TOO MUCH UNNECESSARY 
MACHINING AND WASTE MATERIAL. 





IS EXPENSIVE. 


Gas and Arc Welding Joints 


There are five basic joints used in gas and arc welding. 
These are shown in Figure 19:15. 





| FIG. 19:15 BASIC JOINTS 
Basic Gas Welds and Arc Welds 


The basic types of gas welds and arc welds are: 


i. Groove 
2. Fillet 
3. Plug and slot 





i. GROOVE WELDS 

Each of the basic gas welding and arc welding joints can be 
permanently held together by any of the five types of 
groove welds. The manner in which the edges and the 
surtaces of each joint are prepared, prior to welding, deter- 
mines and identifies the type of weld involved. 

Using the butt joint for illustration purposes, Figure 
19:16 shows the five styles of groove-weld preparations. 
They are shown in single and double form with the name of 
each underneath. 


|. SINGLE SQUARE 3. SINGLE V 


7. SINGLE U 9. SINGLE J 





| FIG. 19:16 TYPES OF GROOVE WELDS 10. DOUBLE J 
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2. FILLET WELDS 


A fillet weld is one that is applied to an inside corner in order 
to build a fillet of a desired size. 


|. SINGLE FILLET WELD 2. DOUBLE FILLET WELD 





| FIG. 19:17. FILLET WELDS 


3.PLUG AND SLOT WELDS 

Plug and slot welds are frequently used in conjunction with 
lap joints and in conjunction with other types of welds. The 
reason may be to improve appearance, to provide clear- 
ance, to fit into an available space, or to add strength to a 
weld. 

Plug and slot welds consist of fusing the metals of the 
parts and the filler metals within the confines of single or 
multiple holes or slots. The holes and slots can have 
Straight or inclined sides. 





2. SECTIONAL VIEW 


|. PLUG WELDS USED IN 
CONJUNCTION WITH FILLET WELDS 
FOR ADDED STRENGTH 


|. SLOT WELD USED IN CONJUNCTION 
WITH FILLET WELDS FOR ADDED 
STRENGTH 





| FIG. 19:19 SLOTWELD 


298 


[LENGTH 


REVIEW QUESTIONS 





I. List six reasons why weldments are fre- 
quently more economical to produce than 
cast parts or parts made from solid stock. 


2. What is incorrect about the following 
terms? 
(a) butt weld (b) corner weld 
(c) lap weld 


3. Identify each of the following joints and 
welds. 


UNIT 3 


All weld specifications on technical drawings should be 
indicated by some form of the standard welding symbol 
that has been adopted in North America by the Canadian 
Welding Bureau and the American Welding Society. The 
use of the standard welding symbol makes the application 
of welding specifications to technical drawings fast, effi- 
cient, clear, and concise. 


The Standard Welding Symbol 





Figure 19:20 shows the standard welding symbol with all of 
the elements that can form part of it. When a weld is 
specified on a detail working-drawing, however, only those 
elements which apply to the weld in question are included 
in the application symbol. 





FINISH SYMBOL 


CONTOUR SYMBOL 

ROOT OPENING; DEPTH OF FILLING 

FOR PLUG AND SLOT WELDS ya 
EFFECTIVE THROAT A 
SIZE; SIZE OR STRENGTH Z 
FOR CERTAIN WELDS \ 





OR OTHER REFERENCE 


TAIL (MAY BE OMITTED J 


WHEN REFERENCE IS 
NOT USED) 
REFERENCE LINE 


BASIC WELD SYMBOL 
OR DETAIL REFERENCE 


AS SHOWN WHEN TAIL AND 


ARROW ARE REVERSED. 
FIG. 19:20 STANDARD WELDING SYMBOL AND ALL ITS ELEMENTS 





LENGTH OF WELD 









PITCH (CENTRE-TO-CENTRE 
SPACING) OF WELDS 


? || — FIELD WELD SYMBOL 
SPECIFICATION, PROCESS, = 7 9pesmspesmnenemnnemnsnnremmmneromm al 





WELD ALL AROUND SYMBOL 


NUMBER OF SPOT OR 


ELEMENTS ON THIS PORTION PROJECTION WELDS 


OF REFERENCE LINE REMAIN 





ANGLE OF COUNTERSINK 
FOR PLUG WELDS 





ARROW CONNECTING REFERENCE : 
LINE TO ARROW SIDE OR 
ARROW SIDE MEMBER OF JOINT 
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The purpose of this unit is to introduce the fundamental 
principles involved in specifying gas welds and arc welds on 
detail working-drawings. As such, only those elements of 
the standard welding symbol applicable to gas welding and 
arc welding are discussed here in detail. These will be 
applied to the practical drawing problems in this and later 
chapters. 


REFERENCE LINE © 

The basis of the standard welding symbol is the reference 
line and its offset arrow that points to the location where a 
joint is to be welded. The arrow can point in any direction. 
The arrow can also be bent, when necessary, to clearly 
indicate where a particular welding specification applies. 





: FIG. 19:21 MOST REFERENCE LINES REQUIRE ONLY SINGLE BENDS. : 


: FIG. 19:22 SOME REFERENCE LINES REQUIRE MORE THAN ONE BEND TO PROMOTE 
: CLARITY. 








WELD ELEMENT SYMBOLS 

The most important element of a standard welding symbol, 
apart from the reference line, is the one that indicates the 
type of weld involved. Figure 19:23 shows the eight weld- 
ing element symbols that are used to signify the various 


types of welds on detail working-drawings. 


2 PIELET 3. PLUG OR SLOT 4. SQUARE 
GROOVE 


YY 


5. V-GROOVE 6. BEVEL 7. U-GROOVE 8. J-GROOVE 
GROOVE 





: FIG. 19:23 BASIC GAS WELDING AND ARC WELDING ELEMENT SYMBOLS 
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LOCATION OF WELDS 

Where a welding symbol can be placed on a drawing 
depends on the space that is available and the amount of 
drawing detail that is involved. Frequently it is impossible to 
place welding symbols in the most advantageous positions. 
Consequently, the standard welding symbol has been 
designed to allow a variety of methods of placing it on the 
drawing to indicate the location of a weld. 

The location of a weld is indicated on a technical drawing 
by placing the required element symbol above or below the 
reference line, or both, depending on what is required. 
Below the reference line indicates that the weld is located 
on the “‘arrow side”, that is, on the same side of the feature 
on which the standard welding symbol is located. Above 
the reference line indicates that a weld is on the “other 
side’’, that is, on the opposite side of the feature to that on 
which the standard welding symbol is located. Above and 
below the reference line indicates that a joint must be 
welded on “both sides”. 

Figures 19:24, 19:25, and 19:26 illustrate the various 
positions of the symbol to indicate the location of a fillet 
weld for a T-joint. 





|. TYPE AND LOCATION OF WELD 2. USE WHATEVER POSITION IS CONVENIENT AND 
CLEAR. 


| FIG. 19:24 USE OF WELD SYMBOL TO INDICATE “ARROW SIDE” LOCATION OF 
WELD. 


|. TYPE AND LOCATION OF WELD 2. USE WHATEVER POSITION IS CONVENIENT AND CLEAR. 


| FIG. 19:25 USE OF WELD SYMBOL TO INDICATE “OTHER SIDE” LOCATION OF 
: WELD. 
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| |. TYPE AND LOCATION OF WELDS fa ale 


2. PLACE WELDING SYMBOL IN WHATEVER 
POSITION IS CONVENIENT AND CLEAR. 


FIG. 19:26 USE OF WELD SYMBOL TO INDICATE “BOTH SIDES”” LOCATION OF 
WELDS 





.Explain the significance of the terms 
“arrow side”, ‘other side’, and “both 
sides’”’ as they apply to welded joints. 


. State what type of weld is represented by 
each of the symbols on the right and if itis 
“arrow side’, “‘other side’, or ‘both 
sides”. 

3. Refer to the standard welding symbol in 

Figure 19:20 and suggest what the term 

‘field weld’’ means. 





RS 





UNIT 4 
Specifying the Sizes of Welds _ 





FILLET WELDS 


Size and length 
The size of a fillet weld is shown to the left of the fillet weld 
element symbol. The length is shown to the right. 









1. DESIRED WELD 2. REQUIRED SYMBOL 


I a AO 
i? a AND LOCATION 


‘ARROW SIDE” 






| FIG.19:27 SIZE AND LENGTH OF A FILLET WELD—‘ 
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|. DESIRED WELD 2. REQUIRED SYMBOL 
AND LOCATION 





| FIG. 19:28 SIZE AND LENGTH OF A FILLET WELD—“OTHER SIDE”’ 





|. DESIRED WELDS 2. REQUIRED SYMBOL 
AND LOCATION 


| FIG. 19:29 SIZE AND LENGTH OF DOUBLE FILLET WELDS—“BOTH SIDES” 





Pitch 

A fillet weld may consist of two or more beads, rather than 
a single continuous bead. In this case it is necessary to 
include the length of each bead and the centre distance 
(pitch) between beads, along with the size and length of the 
weld, as shown in Figure 19:30. 


|. DESIRED WELD 2. REQUIRED SYMBOL 
AND LOCATION 





| FIG. 19:30 SIZE, LENGTH, AND PITCH OF A THREE-BEAD FILLET WELD 
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GROOVE WELDS 

The sizes pertaining to the preparation of the joints for 
groove welds vary according to the thicknesses of the 
metal parts to be joined. If the weld size specifications are 
critical, they should be obtained from a welding engineering 
handbook and form part of the weld symbol. Otherwise 
they are left to the discretion of the shop. Most groove 
welds for general manufacturing work are usually specified 
by the weld symbol only. 


Use of groove-weld symbols 

Refer to Figure 19:16 on page 297 for assistance in under- 
standing and interpreting the groove-weld symbols in 
Figures 19:31 to 19:35. 


=a] 


|. SINGLE-"ARROW SIDE” 3. DOUBLE-"BOTH SIDES” | 
| FIG. 19:31 SQUARE WELDS | 


| |, SINGLE-"ARROW SIDE” 2. SINGLE-"OTHER SIDE” 3. DOUBLE-"BOTH SIDES” | 
| FIG. 19:32 V-WELDS 


— 2 


|. SINGLE-""ARROW SIDE” 2. SINGLE-"“ARROW SIDE” 3. DOUBLE-"BOTH SIDES” 


ARROW MUST POINT TO THE | 
MEMBER TO BE GROOVED. 


4, SINGLE-"’OTHER SIDE” 5. SINGLE-""OTHER SIDE" 6. DOUBLE-"BOTH SIDES” 





FIG. 19:33 BEVEL WELDS 
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| |. SINGLE-" ARROW SIDE” 2. SINGLE-"OTHER SIDE” 3. DOUBLE-"BOTH SIDES” 
| FIG. 19:34 U-WELDS 


|. SINGLE-’“ARROW SIDE” 2. SINGLE-""OTHER SIDE” 3. DOUBLE-’’BOTH SIDES” 


ARROW MUST POINT TO THE 
MEMBER TO BE GROOVED._ 


Sy ce oS 


4. SINGLE-"ARROW SIDE”’ ©. SINGLE-'‘OTHER SIDE”’ 6. DOUBLE-"’BOTH SIDES” 













| FIG. 19:35 J-WELDS 





PLUG WELDS 


|. DETAIL WORKING-DRAWING PROVIDES 
LOCATION OF THE FIRST WELD AND THE 
COVERING WELDING SYMBOL. 
. INTERPRETATION OF WELDING INFORMATION 
SHOWN ON THE DETAIL WORKING-DRAWING 


| FIG. 19:36 PLUG WELD DETAILS 
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SLOT WELDS 

The details of the size and location of slot welds are more 
involved than those of other welds. Consequently, it would 
be too cumbersome to include them as part of the welding 
symbol. Instead, a welding symbol is provided on the detail 
working-drawing, along with an enlarged dimensional detail 
of the weld in question. Figure 19:37 shows a typical exam- 
ple. 


f FIG. 19:37. SLOT WELD DETAILS 


WELD-ALL-AROUND ELEMENT SYMBOL 

lf a weld must pass completely around the circumference 
of a joint, as is the case with cylindrical parts, a circle is 
included as part of the standard welding symbol. The centre 
of the circle is located where the base and arrow of the 
reference line intersect. Refer to Figure 19:38. 
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SECTION A-A 


SLOT WELD DETAIL 
SCALE 2:1 





~ 


|. THE SYMBOLS SPECIFY THAT EACH FILLET 2. THE SYMBOL SPECIFIES THAT THE FILLET WELD 
WELD MUST BE CONTINUOUS AROUND THE MUST BE CONTINUOUS AROUND ALL SIDES OF 
CIRCUMFERENCE INVOLVED. THE RIB. 


H FIG. 19:38 


Welding Symbol Template 


To save time and to facilitate the drawing of welding sym- 
bols, it is recommended that a template, similar to the one 
shown in Figure 19:39 be used. The use of a template 
enables any form of the standard welding symbol to be 
drawn quickly and without the need to measure. 


FIG. 19:39 TEMPLATE 
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Fillet, bevel-groove, and J-groove weld element symbols 
are always drawn in the same position, above or below the 
reference line, regardless of what end of the reference line 
the arrow projects from. Figure 19:40 illustrates this point 
with several typical examples. 


lm aaniad 


|. FILLET WELDS 


2. BEVEL-GROOVE WELDS 


{6 


3. J-GROOVE WELDS 













| FIG. 19:40 


_ Refer to Figures 19:31 and 19:32. Make a 





6. Interpret the following welding symbols 


! 
neat sketch to show the type and location and state the significance of the direction 
of the joint preparation required for each of in which the arrow points, where applica- 
the welds illustrated. ble. | : 


2. Refer to Figures 19:33 and 19:34. Make a 
neat sketch to show the type and location 
of the joint preparation required for each of 
the welds illustrated. 


3. Refer to Figure 19:35. Make a neat sketch 
to show the type and location of the joint 
preparation required for each of the welds 
illustrated. 

4. What does the term ‘‘pitch” refer to when 
used in conjunction with fillet welds, plug 
welds, and slot welds? 


_ List the information that must be provided 
ona technical drawing for a‘plug weld. 







= 


OT 
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=a) 


5{\ 50-80 | 
lO/ 60-100 } 


D 


| WELDING-DRAWING PROBLEM 










6 PLUG WELDS ON @I00 B.C. 
EQUALLY SPACED 





5 WIDE x 2.5 DP. 
KEYWAY 





lo° 
he 
, R4.5 


| GROOVE DETAIL 
SCALE 2:1 





DOUBLE WIRE-ROPE PULLEY 
SCALE I:1 


Instructions 





|. Use a P2 sheet. Complete the views pro- A 4mm fillet weld all around—both sides 
vided by adding the necessary features B Plug welds—8 mm x 60° x 60° pitch— 
and details. Make the front view a full- arrow side 


sectional view. Draw the enlarged sec- ; 
tional view of the Groove Detail ina suita.  * “ad the following notes: 
ble location. © Material 


| 2. The 030 has a tolerance of plus 0.! and Pulley Flanges—ASTM 1067D/C H.R.S. 


minus 0. Show the tolerance by the Unilat- fos 


eral Method. Show all other dimensions as Hub —S.A.E. 1040 H.R. Steel 
indicated. Remove burrs and sharp edges. 


| 3. Complete the welding symbols, as indi- Dimensions are in millimetres. 


cated by the letters, according to the fol- Blanket tolerance note on page 272. 
lowing information. Letters are not to be 5. Letter METRIC 9 mm high ina suitable 


shown on the finished drawing. location. 
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| WELDING-DRAWING PROBLEM 













(B) 9 - 62° CSK. 3 DP. 
4HOLES 
oi oe ae 






© CONTROL GUIDE 
190 220 SCALE 1:2 | 





| Instructions: D Plug weld—l0 mm x 60° x 40 mm 
| 1. Use a P2 sheet. Complete the views pro- pitch —arrow side 
ect adding the missing features and 4. Add the following notes: 


: Material 

| 2. The O61 at each end of the shaft support | 

| piece has a tolerance of plus 0.02, minus tak: aaa piece—S.A.E. 1040 Hot- 
0.06. Show the limit sizes by the Direct 
Method. Show all other dimensions as ons parts—ASTM 1067 DIC H.R.s. 


indicated. Supply all missing dimensional a ae 
sizes. Finish exterior surfaces with 2 spray coats | 


of Vista green flat enamel No. 56/AY or 
equivalent over 2 spray coats of red oxide 
primer. 

Remove burrs and sharp edges. 


A 3mm fillet weld—arrow side Dimensions are in millimetres. 
B 3mm fillet weld—all around Blanket tolerance note on page 272. 


C 3mm fillet weld—both sides 5, Letter METRIC 9 mm high in a suitable 
| location. 












| 3. Complete each welding symbol, as indi- 

| — cated by the letters, according to the infor- 
mation below. Letters are not to be shown 
on the finished drawing. . 
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| WELDING-DRAWING PROBLEM 





4 WIDE x 2 DP. KEYSEAT 






‘CIRCUMFERENCE 
Xxx mm 











M8 —- 6 HOLES 
EQUALLY SPACED 







LIFTING DRUM 
SCALE |:1 










| ‘Instructions | 
|. Use a P2 sheet. Complete the views pro- Letter the following note below this 
vided by adding the missing features and 


Symbol: Grind flush. 
details. Make the front view a full- y 
sectional view. There are no tapped holes 4, Determine the circumference of the drum. 


in the left flange. The radius of the key- Round off the calculated answer to the 
seat, for drawing purposes only, is 20 mm. closest whole number above it. Show this 
below the front view as indicated. 


C Single V-groove weld—arrow side. 









. The 027 on each end has a tolerance of 
minus 0.08 and minus 0.03. Show the limit 5. Add the following notes: 
sizes by the Direct Method. Show all other Material 
dimensions as indicated. Shaft—S.A.E. 1065 Hot-Rolled Steel. All 
other parts ASTM I067D/C H.R.S. Plate. 


RO 








3. Complete each welding symbol, as indi- 







cated by the letters, according to the infor- Blanket tolerance note on page 272. 

mation below. Letters are not to be shown Remove burrs and sharp edges. 

on the completed drawing. Dimensions are in millimetres. 

A Bevel groove weld—all around Finish with 2 spray coats of red oxide 

B 3mm fillet weld—all around—arrow primer. Mask machined ends before 
side spraying. 






6. Letter METRIC 9 mm high ina suitable 
location. 






Sil 





| WELDING-DRAWING PROBLEM 


i ' 














MI4 x 1.5 - 2 HOLES 


CIRCUMFERENC 
Xxx MM 


2 IY) 


MIO x |- 6 HOLES 
EQUALLY SPACED 








REDUCTION HEADER 
SCALE 1:2 
















| Instructions 

| 4, Use a P2 sheet. Complete the views pro- 4, Determine the circumference of the 0180 
vided by adding the missing features and tube. Round off the calculated answer to 
details. Make the front view a full- the closest whole number above it. Show 










sectional view. For drawing purposes only, this above the front view as indicated. 
make the 550 mm length 350 mm. Show 5. Add the following notes: 

the required break lines. The 22 x 22 x 8 Material 

thick triangular pieces are centred on the Spigot S.A.E. 1040 Hot-Rolled Steel. All 
vertical centre line of the side view. other parts ASTM |067DI/C H.R.S. Plate. 


7 2. The 058 has a tolerance of plus 0, minus 


0.4. Show the limit sizes by the Unilateral Remove burrs and sharp edges. 










Method. Show all other dimensions as Dimensions are in millimetres. | 
| indicated. Water test at 150 kPa for 24 h to ensure all | 
| 3. Complete each welding symbol, as indi- joints are leakproot. 
| — cated by the letters, according to the infor- Finish exterior surfaces with 2 spray coats | 

mation below. Letters are not to be shown of machine gray enamel No. 40DK or 

on the completed drawing. equivalent over 2 spray coats of red oxide 

A Bevel weld—all around—arrow side primer. Mask outer face of flange and 

Below the top-left and top-right sym- machined end of spigot before painting. 
bols letter: Grind flush. Blanket tolerance note on page 272. 
B 4mm fillet weld—all around 6. Letter METRIC 9 mm high in a suitable 
C V-weld—arrow side. Below this symbol location. 


: letter: Grind flush. 
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Occasionally it is necessary to prepare technical drawings 
of objects whose shapes include one or more inclined sur- 
faces that cannot be described exactly and completely by 
any of the six normal orthographic views. In order to 
describe such surfaces, it is necessary to make use of 
auxiliary views, the principles of which are outlined in this 
chapter. 


UNIT | 


An auxiliary view is an extra view. It is a special orthographic 
view used to describe the shape of an inclined surface of an 
object that cannot be described exactly and completely by 
any of the six normal orthographic views. 

Figure 20:1 shows the six normal orthographic views of a 
weldment. Note that none of the views describe the shape 
of the inclined surface exactly. 








5 inca 
BEA i 
‘ 


Poe ew ee oe ——_ 


| or 
| ane 


FIG. 20:1 THE NORMAL ORTHOGRAPHIC VIEWS DO NOT DESCRIBE THE INCLINED 
SURFACE EXACTLY. 


To fully describe the shape of the weldment in Fig- 
ure 20:1, itis necessary to draw the auxiliary view shown in 
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Figure 20:2. Note that the top view in Figure 20:2 is a par- 
tial view. Partial orthographic views eliminate the need to 
draw ellipses and foreshortened lines to show inclined 
features. Drawing such features is time-consuming and, in 
most cases, does not add to the clarity of a detail working- 
drawing. 






THE AUXILIARY VIEW IS AN | 
' ORTHOGRAPHIC VIEW OF | 
THE USE OF PARTIAL § THE INCLINED SURFACE. } 
VIEWS SAVES is npn 
_ DRAWING TIME. 





| FIG. 20:2 USE OF AN AUXILIARY VIEW 





The Elimination of Unnecessary Features 


When one is preparing a detail working-drawing that 
includes an auxiliary view, considerable time can be spent 
in drawing features that lie behind the surface that the 
auxiliary view represents. Showing such features usually 
adds little, if anything, to the clarity of a working-drawing 
and should be avoided. See Figures 20:3 and 20:4. 





BRACKET 


HIDDEN LINES OMITTED | 
UNLESS REQUIRED FOR | 
CLARITY. | 


_|USE PARTIAL VIEWS | 
TO SAVE TIME. _| 


| FIG. 20:3 PREFERRED 
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AUXILIARY VIEW SHOULD | 
=| DESCRIBE INCLINED | 
SURFACE ONLY. | 





THIS PORTION OF | 
FRONT VIEW IS. | 
OF NO VALUE. | 





_| THIS VIEW IS OF | 
NO VALUE. | 






i FIG. 20:4 POOR PRACTICE 


Primary Auxiliary Views 


The type of auxiliary view discussed up to this point, is 
called a primary auxiliary view. A primary auxiliary view is 
one that is projected directly from any one of the six normal 
orthographic views. 


Secondary Auxiliary Views 


Occasionally the inclined features of an object cannot be 
fully described by a primary auxiliary view. When this is the 
case, it is necessary to draw a secondary auxiliary view. A 
secondary auxiliary view is always used in conjunction with 
a primary auxiliary view and is projected directly from it. 





SECONDARY AUXILIARY VIEW 


PRIMARY AUXILIARY VIEW 


FIG. 20:5 USE OF A SECONDARY AUXILIARY VIEW 
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|. What does the word “‘auxiliary’’ mean? 5.Neatly sketch the orthographic views 
2. An auxiliary view is a special type of ortho- required to provide an exact and complete 
graphic view. In what way is an auxiliary description of the objects shown below. 
view considered special? Include the necessary auxiliary views. Do 
not dimension your sketches unless 





3. Give two reasons why an auxiliary view instructed to do so. Make the length of 
should only describe the inclined surface It each object about 75 mm and maintain the 
represents. proportions shown. All holes go right 

4. Figures 20:2 and 20:3 indicate that the through. 


use of partial orthographic views saves 
drawing time. Explain why. 


SPOTFACED | 
HOLES | 
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| AUXILIARY VIEW PROBLEM 


Ml2 x 1.5 - 2 HOLES 


32 


78 rae l6 

—— “ ><> 

| < << M20 x 2 - 45 DP. 
| 26 ss LOO. = <—- 9 






FEED CONTROL BRACKET 
SCALE 1:1 


| Instructions a 
1. On a P3 sheet, prepare a working drawing 3. Add the following notes: 








of the Feed Control Bracket. Make the Material—S.A.E. 401S Malleable Cast Iron 
front view an offset-sectional view. Do not Rounds and fillets R6 unless otherwise 
show a Cutting-plane line since it will be shown 

obvious where the bracket is imagined 





Dimensions are in millimetres. 







cut. 
. ‘, : Remove burrs and sharp edges. 
2. Show the following critical dimensions by Pattern No. BSC-2067 
| — the Direct Method and according to the | . 
tolerances shown below: 4, Letter METRIC 9 mm high and the blanket 
65 mm—plus 0.09, minus 0.08 tolerance note on page 272 in suitable 






40 mm—plus 0.1, minus 0.16 locations. 


20 mm—plus 0.05, minus 0.08 
Spotfaced holes—plus or minus 0.07 
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| AUXILIARY VIEW PROBLEM 


M8 x | - I6 DP. 
2 HOLES 





© |2 — 22 SFACE. 
4 HOLES 


45° FILLETS 


Ri4 


WELDING FIXTURE BASE 
SCALE I:1 


PARTIAL TOP VIEW 


|. Prepare a working drawing of the Fixture 3. Add the following notes: 
Base on a P3 sheet. Material—N64 Nodular Cast Iron 


| 2. Show the following critical dimensions by Rounds and fillets R3 unless otherwise 
| the Direct Method and according to the shown 


tolerances below: Dimensions are in millimetres. 
148 mm-—plus or minus 0.08 Remove burrs and sharp edges. 





path pened Pattern No, SKP-9087 

57 aoe or minus 0.5 . Letter METRIC 9 mm high and the blanket 

lOO mm—plus or minus 0.8 tolerance note on page 272 in suitable 
locations. 
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| AUXILIARY VIEW PROBLEM 






14.80 
© 15.00 
KEYWAY 
3'x 1.5 DP, 





VIEW IN DIRECTION OF ARROW 


@l2 - 18 SFACE. 
2 HOLES 





ACTUATING LEVER 
SCALE I:1 


instructions 
|. Prepare a working drawing of the Actuat- Dimensions are in millimetres. 

ing Lever on a P3 sheet. Remove burrs and sharp edges. 
2. Add the following notes: Pattern No. 3576/12 





Material—S.A.E. 401S Malleable Cast Iron 3. Letter METRIC 9 mm high and the blanket 
Rounds and fillets R1.5 unless otherwise tolerance note on page 272 in suitable 
shown locations. 
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| AUXILIARY VIEW PROBLEM 






20 AT ASSEMBLY 


M20 x 2 AT ASSEMBLY 
2 HOLES 


TO CENTRE OF 
™| TAPPED HOLES 


80 REF. 





VERTICAL BEARING SUPPORT ala HOLES 
SCALE 1:2 


G22 
45 CBORE. 









| | ae a 
SLOT DETAIL 7 


PARTIAL FRONT AND SIDE VIEWS 


|. Prepare a working drawing of the Vertical 3. Add the following notes: 
Bearing Support on a P2 sheet. Right side Material—No. 70S Bronze 
view to be a full-sectional view. Include a Rounds and fillets R3 unless dimensioned 
secondary auxiliary view of the slot. otherwise 

2. Show the following critical dimensions by Di iqamilimat 

the Direct Method and according to the ccan rica an panto ae 


tolerances below: : 
021 holes— plus or minus 0.07 attern No. SWP-1942 


216 mm—plus 0.04, minus 0.06 4, Letter METRIC 9 mm high and the blanket 
108 mm—plus 0.02, minus 0.03 tolerance note on page 272 in suitable 
70 mm—plus 0.04, minus 0.08 locations. 
45 mm counterbore— plus 0.06, minus 0 
72 mm—plus 0.04, minus 0.08 
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| AUXILIARY VIEW PROBLEM 


@7 -2 HOLES 


@6 - 82° CSK. 2DP. 
8 HOLES 





SECTION A-A 
(HOLES IN END PLATE NOT SHOWN) 





ALIGNMENT FRAME 
SCALE I:1 


| Instructions 
| t. Prepare a working drawing of the Align- 4. Add the following notes: 
| ment Frame ona P2 sheet. Complete the Material—ASTM I067D/C H.R.S. Plate 
views by adding the missing details. The Use welding fixture No. B6104.. 
weldment is symmetrical about the verti- ) ) 
cal centre line of the front view. a a. to be free of burrs and 
. Dimension the views as shown. Supply Finish with 2 spray coats of red oxide 
the missing dimensional sizes. Dimension primer. 
the left auxiliary view the same as the one 
on the right. 
. Complete each welding symbol according 
to the information below: 
A 3mm fillet weld—all around 
B 3mm fillet weld—all around 








Dimensions are in millimetres. 

. Letter METRIC 9 mm high and the blanket 
tolerance note on page 272 in suitable 
locations. 





32l 









Developments and 


This chapter applies the principles of technical drawing to 
objects whose shapes are obtained by bending or rolling 
preshaped flat stock, such as sheet metal or plate, and 
whose construction involves the use of developments. A 
development is the shape of the surface or surfaces of a 
geometric solid when it is unfolded or rolled out on a plane. 








|, PRISM 2. CYLINDER 


2 CONE 4. PYRAMID 





| FIG. 21:1 DEVELOPMENTS OF GEOMETRIC SOLIDS 


UNIT | 


Geometric Solids 
A geometric solid is a three-dimensional object. The four 


most common geometric solids are described on the fol- 
lowing page. 
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|. TRIANGULAR 2. HEXAGONAL 3. OCTAGONAL 4. RECTANGULAR 





| FIG. 21:2 PRISMS 


PRISM 

A prism is a geometric solid with parallel ends of identical 
shape and size and three or more rectangular sides, the 
edges of which are parallel to each other. See Figure 21:2. 


CYLINDER 
A cylinder (Figure 21:3) is a geometric solid with parallel FIG. 21:3. CYLINDER 
curved ends, usually circular, of identical shape and size. xe = 


CONE 
A cone (Figure 21:4) is a geometric solid that tapers to a 
point from a curved base that is usually circular. 


PYRAMID 
A pyramid is a geometric solid with sloping sides that taper FIG. 21:4 CONE 
to a point from its base. The base can assume the shape of | 
any plane geometric figure that has straight sides —triangle, 
square, rectangle, octagon. See Figure 21:5. 








|. TRIANGULAR 2. SQUARE 3. OCTAGONAL 
| FIG. 21:5 PYRAMIDAL SHAPES 


Truncated Geometric Solids 


A truncated geometric solid is one whose top has been cut 
off at any angle and at any distance above its base. Cones 
and pyramids that are truncated parallel to their bases are 
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called frustums. Most developments involve truncated geo- 


metric solids, as shown tn Figure 21:6. 


FRUSTUMS 





| FIG. 21:6 TRUNCATED GEOMETRIC SOLIDS 


REVIEW QUESTIONS 


1. Why is it necessary to draw the develop- 
ment of a sheet-metal geometric solid? 


2. List and describe each of the four geomet- 
ric solids dealt with in this chapter. 


3. Define each of the following: 
(a) triangular pyramid 
(b) development 


UNIT 2 


(c) octagonal pyramid 
(d) frustum 


4, What is a truncated geometric solid? 


5. List the names of six plane geometric fig- 
ures. 


6. How do plane geometric figures differ 
from geometric solids? 


There are four basic types of developments. Each is 


described below. 


|. Straight Line Developments _ 


Straight line developments are used in connection with 
objects whose basic shapes are prisms. The true size and 
shape of each surface of such objects is known. In addition, 
all lines enclosing the various surfaces are straight and can 
be laid out by reference to the orthographic views of the 
objects. Two examples of straight line developments are 


shown in Figures 21:7 and 21:8. 
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DEVELOPMENT 


STEP OFF DIVISIONS WITH 
COMPASS OR DIVIDERS. | 


: FIG. 21:8 STRAIGHT LINE DEVELOPMENT OF A TWO-PIECE 90° HEXAGONAL ELBOW 


2, Parallel Line Developments _ 


Parallel line developments are used in connection with 
objects whose basic shapes are cylindrical. Such develop- 
ments are constructed by dividing the circumferences of 
cylinders into equal divisions or elements. For objects that 
consist of more than a single cylinder, a series of parallel 
element lines are drawn in order to establish co-ordinates 
that determine the shape of the required development 
curve or curves. 


DEVELOPMENT CAN BE DRAWN IN } 


ANY CONVENIENT POSITION ON 


THE DRAWING PAPER. : 


ALLOWANCE FOR | 
LAP JOINT =| 
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ELBOW CONSISTS OF ELEMENT | JOINCO-ORDINATES | 
TWOTRUNCATED | LINES | WITH IRREGULAR CURVE. | 


CYLINDERS. 


nN 


eee CYLINDER CIRCUMFERENCE 


DEVELOPMENT STEP OFF DIVISIONS | 
DIVISIONS WITH COMPASS OR | 


DIVIDERS. 


1 FIG. 21:9 PARALLEL LINE DEVELOPMENT OF A TWO-PIECE 90° CYLINDRICAL ELBOW 


ELBOW CONSISTS OF q ELEMENT | JOIN CO-ORDINATES 
THREE TRUNCATED | WITH IRREGULAR CURVE 


CYLINDERS. | — = 


RS BIA ct RCRN WAL MOT) De PENANCE API ADO SY AT GAN OL ENERO TEL a TEL PERS SPSMIOEL Hag OMS POV PCE ANN CRS ONSITE 





& 
(es) 
> 





CYLINDER CIRCUMFERENCE 


DEVELOPMENT 
STEP OFF DIVISIONS | 
DIVISIONS | WITH COMPASS OR a 
eel ane | 


| FIG. 21:10 PARALLEL LINE DEVELOPMENT OF A THREE-PIECE 90° CYLINDRICAL 
ELBOW 
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PARALLEL LINE DEVELOPMENT LAYOUTS 
Developments for elbows that can be cut to shape by hand 
are often laid out on single pieces of material, as shown in 
Figures 21:8, 21:9, and 21:10. This method is economical 
because It minimizes waste. 

sheet-metal and sheet-plate elbow developments that 
must be cut by machine (band saw) or cutting torch, 
because of the thickness of the material, are usually laid out 
on separate pieces of material, as shown in Figures 21:1| 
and 21:12. This is done to make allowance for cutting 
waste. The overall dimensions of the pieces of material 
used are provided for the convenience of the shop. 


cel TWO-PIECE ELBOW | | FIG. 21:12 THREE-PIECE ELBOW 





Radial line developments are used in connection with 
objects whose basic shapes are in-line cones or in-line 
pyramids. An in-line cone or pyramid is one whose point is 
directly over and therefore in line with the centre of the 
base. 

Radial line developments of in-line cones and pyramids 
are constructed with the aid of radial lines (lines that radiate 
from acommon centre). 


IN-LINE PYRAMIDS 

Because the base of a pyramid can assume the shape of 
any plane geometric figure having straight sides, the true 
length of the converging edges of many in-line pyramids is 
not shown in the orthographic front views. 
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To prepare a radial line development of an in-line pyramid, 
it is essential to determine the true length of the converging 
edges, providing it cannot be obtained directly from the 
front view. This can be done by projecting one of the 
corners of the pyramid to the horizontal centre line of the 
top view, and then to the front view, as shown in Fig- 
ure 21:13. 

lt is essential to determine the true length of an in-line 
pyramid in order to make its development the proper size. 









TRUE LENGTH SHOWN | 
IN FRONT VIEW 


mesa 


TRUE TRUE TRUE TRUE | 
LENGTH LENGTH | LENGTH LENGTH | 












|. SQUARE 2. RECTANGLE 3. OCTAGON 4. TRIANGLE 5. HEXAGON 


FIG. 21:13 TRUE LENGTHS OF IN-LINE PYRAMIDS 
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DEVELOPMENT CAN BE DRAWN IN | 
ANY CONVENIENT POSITION ON { 
THEDRAWINGPAPER. . { 


DEVELOPMENT 
O-X = TRUELENGTH | 


: STEP OFF LENGTHSOF  § 
BASE SIDES WITH COMPASS 


OR DIVIDERS. 


} FIG. 21:14 RADIAL LINE DEVELOPMENT OF A SQUARE BASE IN-LINE PYRAMID 


DEVELOPMENT CAN BE DRAWNIN | 
ANY CONVENIENT POSITIONON | 
THE DRAWING PAPER. 


DEVELOPMENT 


STEP OFF LENGTHS OF ff 
BASE SIDES WITH COMPASS } 
OR DIVIDERS. 


| FIG. 21:15 RADIAL LINE DEVELOPMENT OF A FRUSTUM OF A RECTANGULAR BASE 
IN-LINE PYRAMID 
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DEVELOPMENT CAN BE DRAWN IN | 
ANY CONVENIENT POSITION ON | 
THE DRAWING PAPER. | 


DEVELOPMENT | 
0-X, O-Y, AND O-Z =| | 
__TRUE LENGTHS | STEP OFF LENGTHS OF 


BASE SIDES WITH COMPASS | 
OR DIVIDERS. 


FIG. 21:16 RADIAL LINE DEVELOPMENT OF A TRUNCATED RECTANGULAR BASE IN- 


LINE PYRAMID 


DEVELOPMENT CAN BE DRAWN IN 
ANY CONVENIENT POSITION ON § 
THE DRAWING PAPER. 


0-1 ANDO-A = | 
TRUE LENGTHS | 


DEVELOPMENT 


STEPOFFLENGTHSOF | 
BASE SIDES WITH COMPASS | 
OR DIVIDERS. 


FIG. 21:17. RADIAL LINE DEVELOPMENT OF A FRUSTUM OF A TRIANGULAR BASE IN- 
LINE PYRAMID 
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DEVELOPMENT CAN BE DRAWN IN : 
ANY CONVENIENT POSITION ON | 
THE DRAWING PAPER. 


DEVELOPMENT 
O-I'ANDO-X = | 


TRUE LENGTHS | 
Se STEPOFFLENGTHSOF | 
BASE SIDES WITH COMPASS | 
OR DIVIDERS. 


2 1 r 


FIG. 21:18 RADIAL LINE DEVELOPMENT OF A FRUSTUM OF AN OCTAGONAL BASE 
IN-LINE PYRAMID 


DEVELOPMENT CAN BE DRAWN IN | 
ANY CONVENIENT POSITION ON 
THE DRAWING PAPER. 


DEVELOPMENT 


0-1', O-W, O-X, 
O-YANDO-Z = | | | 
TRUE LENGTHS STEP OFF LENGTHSOF 

= BASE SIDES WITH COMPASS j 
OR DIVIDERS. 
~ gs - 2 may 


FIG. 21:19 RADIAL LINE DEVELOPMENT OF A TRUNCATED OCTAGONAL BASE IN- 
E LINE PYRAMID 
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IN-LINE CONES 





DEVELOPMENT CAN BEDRAWN | 
IN ANY CONVENIENT POSITION ON § 
THE DRAWING PAPER. 


DEVELOPMENT 


| STEP OFF DIVISIONS | 
EQUAL | WITH COMPASS) f 
DIVISIONS § OR DIVIDERS. 


| FIG. 21:20 RADIAL LINE DEVELOPMENT OF AN IN-LINE CONE 


DEVELOPMENT CAN BE DRAWN IN | 
ANY CONVENIENT POSITIONON | 
THE DRAWING PAPER. : 


JOIN CO-ORDINATES — 
WITH IRREGULAR CURVE. } 


DEVELOPMENT 


STEP OFF DIVISION 
WITH COMPASS OR DIVIDERS. | 





: FIG. 21:21 RADIAL LINE DEVELOPMENT OF A TRUNCATED IN-LINE CONE 
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4. Triangulation Developments 


Triangulation developments are used in connection with the 
surfaces of the segments of the transition pieces shown in 
Figure 21:22. Transition pieces are used in sheet-metal 
work to connect openings that are of different shapes or 
sizes and that may or may not be in line with each other. 

Triangulation developments use triangles to construct 
approximate development shapes. They also require the 
use of true lengths, as discussed in connection with pyra- 
mids. 


TRANSITION TRANSITION | 
SEGMENTS | SEGMENTS | 










| FIG. 21:22 TRANSITION PIECES 








To draw the developments of transition segments 


DEVELOPMENT 







TRANSITION SEGMENT 







0-!', 0-2) 0-3; AND 
0-4'= TRUE LENGTHS | 






DEVELOPMENT CAN BE DRAWN 
INANY CONVENIENT POSITION ON 
THE DRAWING PAPER. : 








| FIG. 21:23 OFFSET RECTANGULAR OPENINGS 
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TRANSITION SEGMENT 


: FIG. 21:24 OFFSET CIRCULAR OPENINGS 


0-1, 0-2! 0-3) 0-4! 0-5! 


AND 0-6'= TRUE LENGTHS | 


TRANSITION 
SEGMENT 


FIG. 21:25 IN-LINE SQUARE-TO-CIRCULAR OPENINGS 
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LENGTH OF EACH } 
DIVISION ON 
OUTER CURVE 


DEVELOPMENT 


DEVELOPMENT CAN BE DRAWN IN § 
ANY CONVENIENT POSITION ON 
THE DRAWING PAPER. 


DEVELOPMENT CAN BE DRAWN IN | 
ANY CONVENIENT POSITION ON 
THE DRAWING PAPER. 


DISTANCE |'-2' EQUALS DISTANCE 
|-2 ON TOP VIEW, AND IS STEPPED | 
OFF WITH COMPASS OR DIVIDERS. | 


DEVELOPMENT 





The Irregular Curve 


The developments of many geometric solids include curves 
that cannot be drawn with the compass. To draw such 
curves It is necessary to use an instrument called an irregu- 
lar, or French, curve. 





| FIG. 21:26 TYPICAL IRREGULAR CURVES 


To draw an irregularly shaped curve 
|. Join all co-ordinates on the development with a very light 
line. The light line should be drawn carefully, freehand. 


2. With the light line acting as a guide, use the irregular 
curve to draw the finished curve on the development. 
The finished curve should be smooth and continuous. 


3. When using the irregular curve, join at least three co- 
ordinates at one setting, more if possible. 


| JOIN AT LEAST THREE | 
CO-ORDINATES AT | 
ONE SETTING. 


| FIG. 21:27, USE OF THE IRREGULAR CURVE 
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REVIEW QUESTIONS 


|. List the names of the basic types of 4, What type of suena would be used 
developments and state the names of the in connection with each of the following? 
geometric solids each is used with. (a) frustum of a pyramid 

2. Define each of the following: (b) three-piece 90° octagonal elbow 
(a) true length (c) truncated in-line cone 


(b) in-line cone (d) cube ” 
(c) transition piece (e) offset conical transition segment 


(d) irregular curve 


3. List the important points to keep in mind 
when using an irregular curve. 





UNIT 3 
Intersections 


intersecting cylinders occur frequently in sheet-metal and 
piping work. When the axes of two cylinders intersect, their 
surfaces also intersect. This requires the construction of 
two or more developments, depending on the number of 
axes involved. 


To draw the intersection and developments of two 
cylinders 


DEVELOPMENT 


ba 


CYLINDER CIRCUMFERENCE 





CIRCUMFERENCE | 
4 


DEVELOPMENT 





FIG. 21:28 CYLINDERS INTERSECTING AT RIGHT ANGLES 


336 





SUGGESTED P3 SHEET LAYOUT 


| Instructions 

| |. Prepare a working-drawing of the Card 
Holder on a PS sheet. Refer to the sug- 
gested sheet layout. 

| 2. Add the following notes: 

Material—0.5 mm Galvanized Sheet Steel 
Dimensions are in millimetres. 


| 3. Letter METRIC 9 mm high in a suitable 


location. 


TWO-PIECE 90° ELBOW _ 
SCALE |:1 


Instructions — 
| P3 sheet size 
| Do not dimension these problems. | 


| DEVELOPMENT PROBLEMS | 





3 WIDE FOLDED EDGES 
AROUND TOP 


3 x 45° SOLDERED 
LAP JOINTS 


CARD HOLDER 
SCALE !:1 


TWO-PIECE 45°ELBOW 


SCALE I:1 
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|DEVELOPMENT PROBLEM 


50 
@30 x 759 LG. WOOD DOWEL Pe 


HELD IN PLACE BY 2 NO. 10 
I5 LG. ROUND HEAD STEEL 
WOOD SCREWS 
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lO WIDE x 45° 
FOLDED EDGE 
BOTH SIDES 








lO x 45° SOLDERED 


LAP JOINTS 760 





TOTE BOX 
SCALE 1I:5 


Instructions 
| 1. Prepare a working-drawing of the Tote 
, BoxonaP3 sheet. Refer to the suggested 
| sheet layout. 
| 2. Add the following notes: 
Material—0.5 mm Galvanized Sheet Steel 
Dimensions are in millimetres. 


05 - 2 HOLES 


| 3. Letter METRIC 9 mm high in a suitable 2 io-—| K 60 Ti 


location. 





SUGGESTED P3 SHEET LAYOUT 
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30: 





| DEVELOPMENT PROBLEM 













@20—8 HOLES 
‘U’ GROOVE WELDS 









| ‘Vv’ WELD 
CORNER 










DRAWING AND SIZE DETAILS 
(“USE FOR DRAWING PURPOSES ONLY.) 


30 N 
30 


SEGMENT CORNER DETAIL 
SCALE 1:1 









FILLET WELD 
BOTH FLANGES 









CORNERS 


90° FLANGED ELBOW 
SCALE 1:5 







SUGGESTED P2 SHEET LAYOUT 








Instructions 







|. Prepare a working-drawing of the Flanged Dimensions are in millimetres. 
Elbow ona P2 sheet. Make the front view Elbow to be tested leakproof at 100 kPa 
a full-sectional view. Draw the segment water pressure for 24 h minimum. 







corner detail about 45 mm below the 






Finish exterior surfaces with 2 spray coats 










lower development. of DX114 flat enamel over 2 coats of red 

2. Locate and complete the necessary weld- oxide primer. 
ing symbols for the following: Both flanges are the same. 
Segments to have single V-welds along 4. Determine development lengths by calcu- 
their corner joints. See above detail. lation and along the centre of material 
Flanges to have 5 mm fillet welds all thickness. Show the length of each devel- 
around. opment panel. Show all sizes to the 
Segments to be joined by single U-groove nearest millimetre. 
welds all around. Calculate the height of each segment. 

3. Add the following notes: Show each size to the nearest millimetre. 
Material—ASTM l1067D/C H.R.S. Plate 5. Letter METRIC 9 mm high ina suitable 






Break all edges and exterior corners. location. 
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| DEVELOPMENT PROBLEMS 

















: instructions 
. Prepare a working-drawing of each High- 












ch 


| | x 45° 


| TWO-PIECE 90° 
HIGH-PRESSURE ELBOW 


SCALE I:1 


Pressure Elbow ona P3 sheet. 


. Complete the welding symbols, as indi- 


cated by the letters, according to the fol- 
lowing information: 


A Single U-groove weld 
B Single U-groove weld—all around 


. Developments to be laid out as shown in 


Figures 21: || and 21:12. Leave about 5 to 


lO mm between each development. Show 


the overall dimensions of each develop- 
ment. Determine each by calculation and 


to the nearest millimetre above the calcu- 
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THREE-PIECE 90° 
HIGH-PRESSURE ELBOW 


SCALE 1:1 








lated size. Use the inside diameters of the 
elbows to determine the segment 
lengths. 


4, Add the following notes: 


Material—3 mm S.A.E. 2034S Sheet Steel 


Dimensions are in millimetres. 

Grind all welded joints flush. 

Elbow to be tested leakproof at 200 kPa 
water pressure for 10h minimum. 


5. Letter METRIC 9 mm high in a suitable 
location. 


| DEVELOPMENT PROBLEM 





DISCHARGE CONNECTION 
SCALE 1:5 


| Instructions 
. Prepare a working-drawing of the Dis- 
charge Connection on a P2 sheet. Draw 
half of each development. 


. Complete the welding symbols, as indi- 
cated by the letters, according to the fol- 
lowing: 

A 6mm fillet weld—all around 


B Single U-groove weld 
C Single U-groove weld —all around 


. Calculate the overall length of the develop- 
ments. Round it off to the nearest millime- 
tre above the calculated size. Use the 
inside diameter of the connection for cal- 
culation purposes. 


QI7 - 8 HOLES 
EQUALLY SPACED ON 450 B.C. 


SUGGESTED P2 SHEET LAYOUT 


Calculate the height of each segment. 
Round off to the nearest millimetre above 
the calculated size. 


. Add the following notes: 


Material—ASTM !067D/C H.R.S. Plate 
Dimensions are in millimetres. 
Break all edges and exterior corners. 


Connection to be tested leakproof at 
50 kPa air pressure for 24 h minimum. 


Both flanges are the same. 


. Letter METRIC 9 mm high ina suitable 
location. 
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| DEVELOPMENT PROBLEMS 








| DEVELOPMENT PROBLEMS | 


70 68 


| 
2» — _— 


NO. | NO. 2 






SCALE 1:1 | 












| Instructions 
1 P3 Sheets 
| Do not dimension these problems. 
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| DEVELOPMENT PROBLEM 


FOLDED EDGE 
SEE DETAIL. 


| 2300 





FOLDED EDGE DETAIL 





400 
OVER-ALL 


8 (DIO - 8 HOLES EQUALLY 
SPACED ON 206 B.C. 





HOPPER 
SCALE 1:2 


SUGGESTED P2 SHEET LAYOUT 


| Instructions 

| 4, Prepare a working-drawing of the Hopper Bottom Determine the height. Cal- 
ona P2 sheet. Make the front view a full- culate the length. Round it 
sectional view. Draw half of the bottom off to the nearest millime- 
view. Draw half of each development. tre above the calculated 


| 2. Determine the overall dimensions of the ES 

developments as follows: 3. Add the following notes: 

Top Add 2 mm bending allow- Material—$.A.E. 2034S Sheet Steel 
ance to the width. Calcu- Braze all joints and seams. 
late the length. Round tt off Break all edges and exterior corners. 


to the nearest millimetre ee 
imen 
above the calculated size. Dimensions are in millimetres 


Funnel Measure the height and the 4, Letter METRIC 9 mm high ina suitable 


width of the development, location. 

multiply by 2, and add 3 

mm to each. Use the |:2 

scale for measuring pur- : 
poses. | 
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| DEVELOPMENT PROBLEMS 





I55 a 





SCALE I:1 | 


“ 


NO. | NO. 2 


| Instructions 
P3 Sheets 
| Do not dimension these problems. | 
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| DEVELOPMENT PROBLEMS 





NO. 2 NO. 3 


| Instructions 
P3 Sheets 
| Do not dimension these problems. | 
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: DEVELOPMENT AND INTERSECTION PROBLEMS 


aS 


| 


| tia 
a a 


NO. | 
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| Instructions 
P3 Sheets 
| Do not dimension these problems. 
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Pictorial Drawing 


Pictorial drawings are used in catalogues, assembly bro- 
chures, parts manuals, and other types of publications 
where it is necessary to make it easy for people to under- 
stand, identify, and follow explanations and instructions. 
The preparation of pictorial drawings for this purpose is 
called technical illustrating. It is a very special type of draw- 
ing that involves a knowledge of technical-drawing princi- 
ples and a high degree of artistic talent. 

Although it is not the purpose of this text to deal with the 
subject of technical illustrating, the material presented in 
this chapter will introduce some of the basic principles 
associated with it. 

Figure 22: | is a typical example of a technical illustration. 


FIG. 22:1 ASEE-THROUGH VIEW OF AN AUTOMOBILE 
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UNIT | 


There are three basic methods that can be used to prepare 
pictorial views; oblique, axonometric, and perspective. 





Oblique Drawing | 


Oblique drawing is the simplest method that can be used to 
portray objects pictorially. However, it is only recom- 
mended for objects that are not too large and whose 
shapes are not very complicated. Large objects and objects 
that have complex shapes often appear distorted or unnatu- 
ral when portrayed by this method. 

Oblique pictorial views are easily recognized because all 
surfaces directly in front of the observer are viewed ortho- 
graphically, and all receding edges are parallel. Refer to 
Figure 22:2. 


Types of Oblique Pictorial Views 


When an oblique pictorial view is prepared to the exact 
dimensions of an object, it is called a cavalier projection. In 
many instances, however, a cavalier projection makes 
objects appear distorted. To reduce distortion, the dimen- 
sions of receding features of objects are drawn half-scale. 
When this is done the resulting pictorial views are called 
cabinet projections. Refer to Figure 22:3 


Circular Contours in Oblique 


Circular contours in oblique views can be circular or elliptical 
in shape depending on the position in which an object is 
drawn. To avoid the necessity of drawing ellipses to repre- 
sent circular contours, objects should, when possible, be 
positioned so that circular contours can be drawn ortho- 
graphically as full or partial circles. 


|. PREFERRED 2. AVOID IF POSSIBLE 


1 FIG. 22:4 








|. CAVALIER PROJECTION 


> 
HALF SCALE 


Pa 
HALF SCALE 


2. CABINET PROJECTION 





FIG, 22:3 
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To prepare a cavalier projection of a non-cylindrical 
object 









DIMENSIONS HAVE BEEN | 
OMITTED FORCLARITY. | 


/ 


| FIG.22:5 ORTHOGRAPHIC VIEWS 





1. Visualize the object in a position that 
shows its shape to best advantage. 
Receding edges and surfaces can slope to 
the left or to the right; the direction is a 
matter of personal choice. 


| FIG. 22:6 


i) 


. Construct the basic shape of the object. 
Receding edges can be drawn at any con- 
venient angle to the base line —30° and 
45° are commonly used angles. To show 
the top surfaces of objects more clearly, 
an angle of 45° should be used. 


1 FIG, 2227 


3. Construct the web. Draw the arcs for the 
rounds. 


| FIG. 22:8 
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30° BASE LINE 





4. Locate and draw the centre lines of the 
holes. Draw the front edge of each hole. 
Draw the axis of each hole at 30°. 





FIG, 22:9 


5. Only if the diameter of the holes is greater 
than the thickness of the flange will the 
rear edges of the holes be visible and have 
to be drawn. The enlarged detail shows 
how to draw the rear edges of the holes. 


THICKNESS OF 
FLANGE 


| FIG. 22:10 


6. Remove unnecessary construction lines. 
Complete the finished linework to obtain 
the oblique pictorial view. Shading can be 
added to emphasize the three-dimen- 
sional effect. 


PIG. 22:11 





To prepare a cavalier projection of a cylindrical object 


DIMENSIONS HAVE BEEN 
OMITTED FOR CLARITY. 


: FIG, 22212 
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|. Visualize the object in a position that 
shows Its shape to best advantage. 
Receding edges and surfaces can slope to 
the left or to the right; the direction isa 
matter of personal choice. 


| FIG. 22:13 


2. Establish the vertical and horizontal centre 
lines of the front face of the hub. Draw the 
front face of the hub. Lightly draw the axis 
of the object. Any angle can be used, but 


30° is preferred. | 
|. FIG. 22:14 


Od 


. Measure the length of the hub along the 
axis. Draw the rear contour of the hub. | 
Draw tangent lines to complete the hub. 


4 TANGENT LINE 


| FIG. 22:15 


4, Draw the front edge of the flange. Mea- | FANGENT LINE] 
sure the thickness of the flange along the — 
axis. Draw the rear edge of the flange. 
Draw tangent lines to complete the flange. 


i FIG. 22:16 


ol 


. Draw the bolt circle, the straight centre 
lines of the four holes, and the four holes. 
Since the thickness of the flange is greater 
than the diameter of the four holes, the 
rear edges of the holes will not be visible. 





| FIG. 22:17 
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6. Remove unnecessary construction lines. 
Complete the finished linework to obtain 
the oblique pictorial view. Shading can be 
added to emphasize the three-dimen- 
sional effect. 





| FIG. 22:18 


REVIEW QUESTIONS 
——————————— eee 

[. For what purpose are technical illustra- 5. How can an oblique pictorial view be iden- 
tions used and why are they easy to tified? 
undetstand? a | 6. When it is possible to do so, how should 

2. What is the basic disadvantage of oblique full or partial circles be viewed in oblique 
pictorial drawing? pictorial drawing? 

3. How do cavalier and cabinet projections 7. List the names of six objects shown in the 
differ? text that have been drawn by means of 

4.When is it advisable in oblique pictorial oblique pictorial drawing. List the page 
drawing to draw the receding edges of number on which each is located. 


objects at an angle greater than 30°? 


UNIT 2 
Axonometric Projection 


In axonometric projection the intersecting receding lines 
begin at a common apex or axis point and radiate from 
there, at different angles, depending on the type of axo- 
nometric projection involved. For drawing purposes this 
provides each type of axonometric projection with certain 
advantages over the others, depending, of course, on the 
shape, size, and the viewing positions of the objects to be 
drawn. 

There are three types of axonometric projection: isomet- 
ric, dimetric, and trimetric. Figure 22:19 provides a compari- 
son of the three types of axonometric projection. Note that 
isometric, perhaps the most widely used and the one of 
particular interest in this chapter, has equal angles of radia- 
tion. This is the basis of its name, since isometric means 
“equal measure” or ‘‘equal size’. 
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BASE 
LINE 


‘I. ISOMETRIC 2. DIMETRIC 3. TRIMETRIC 
EQUAL ANGLES OF RADIATION— 120° EQUAL ANGLES OF RADIATION UNEQUAL ANGLES OF RADIATION 
EQUAL ANGLES FROM BASE LINE—30° FROM VERTICAL ONLY UNEQUAL ANGLES FROM BASE LINE 
EQUAL ANGLES FROM BASE LINE— 15° 





| FIG. 22:19 


Isometric Drawing 


Isometric pictorial drawing is usually preferred to oblique 

drawing because it reduces much of the distortion that 

oblique drawing produces. Isometric pictorial views are 

easily recognized because all features recede to the right or 

to the left; all edges that recede in the same direction are 

parallel; no surfaces are drawn or viewed orthographically; 
and circular contours are full or partial ellipses. 

Figure 22:20 shows an isometric view of a simple part 
viewed from above. The part is drawn as though it were 
balanced on its nearest, lowest corner. Because the part is 
titted forward towards the viewer and viewed from above, 
its actual dimensions would be foreshortened. However, 
the isometric view has been drawn to the actual dimen- 
sions of the object, either full size or to a reduced scale. 
This means that the part appears slightly larger than if it had 
been drawn to its foreshortened dimensions. 

Because the increase in size is slight and produces little 
Or no apparent distortion, it is common practice, when 
preparing isometric views of objects, to use their actual 
sizes as a matter of convenience. 





| FIG. 22:20 ISOMETRIC PICTORIAL VIEW 


VIEWING POSITIONS 
Objects that are drawn pictorially are assumed to be posi- 
tioned relative to a line that represents the horizon. 
Although many pictorial views show objects on the horizon, 
isometric views usually portray objects as If they were 
viewed from above or below the horizon. The position that 
is most suitable for any particular object is the one that 
displays it to its best advantage; ‘‘Below the horizon” 
(viewed from above) is the most commonly used position 
for isometric views. 

Figure 22:21 makes use of a simple angle bracket to 
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illustrate the “above” and “below” viewing positions. Note, 
that in this instance, “below the horizon’’ provides the best 
_ view of the bracket. 





|. “ABOVE THE HORIZON” —BRACKET 
IS VIEWED FROM BELOW. 


HORIZON 


2. “BELOW THE HORIZON" —BRACKET 
IS VIEWED FROM ABOVE. 


| FIG. 22:21 


CIRCLES IN ISOMETRIC 

In isometric, circles and arcs are drawn as full or partial 
ellipses. The ellipse positions for viewing points above and 
below the horizon are shown in Figure 22:22. Note that 
each elliose position above the horizon is reversed when 
viewed from below the horizon, although its shape, size, 
and construction are identical. 


HORIZON 
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To draw isometric circles by the formal methods 


CENTRE LINES | 


POSITION NO. | 

. Locate and draw the centre lines of the cir- 
cle. Construct an isometric square about 
the centre lines, the sides of which equal 
the diameter of the circle. Draw the other 
three construction lines, as shown. 


2. Draw the required arc, as indicated, to 
obtain the isometric circle. Erase unneces- 
sary construction lines. 


POSITION NO. 2 


|. Locate and draw the centre lines of the cir- 
cle. Construct an isometric square about 
the centre lines, the sides of which equal 
the diameter of the circle. Draw the other 
three construction lines shown. 


1 CENTRE LINES | 


2. Draw the required arcs, as indicated, to 
obtain the isometric circle. Erase unneces- 
sary lines. 


POSITION NO. 3 


|. Locate and draw the centre lines of the cir- ) CENTRE LINES ] 
cle. Construct an isometric square about ! 
the centre lines, the sides of which equal 
the diameter of the circle. Draw the other 
three construction lines, as shown. 
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2. Draw the required arcs, as indicated, to 
obtain the isometric circle. Erase unneces- 
Sary construction lines. 


| FIG. 22:28 


PARTIAL ELLIPSES 
In isometric drawing, rounds and fillets require only a partial 
construction of one of the ellipses shown in Figure 22:22. 


The partial construction necessary depends on the position 


of the ellipse of which the fillet or round is a part. Fig- 
ure 22:29 illustrates this point and shows the numbers of 
the ellipse positions required. 


__| SQUARE CORNERS MUST | 
BE DRAWN FIRST. 


FIG. 22:29 ROUNDS AND FILLETS IN ISOMETRIC 


ISOMETRIC ELLIPSE TEMPLATES 

Isometric ellipse templates are time-saving devices and are 
available in a variety of styles and sizes. They make it possi- 
ble to draw full or partial isometric circles in much less time 
than it takes by using the formal methods previously 
described. The template shown in Figure 22:30 is the type 
commonly used to draw isometric circles up to 40 mm in 
size. 
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FIG. 22:30 ISOMETRIC ELLIPSE TEMPLATE 


To prepare an isometric pictorial view of a non- 
cylindrical object 


DIMENSIONS HAVE BEEN 
OMITTED FOR CLARITY. 


FIG. 22:31 ORTHOGRAPHIC VIEWS 


1. Visualize the object in a position that 
shows Its shape to best advantage. 
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FIG. 22:32 











2. Lightly construct the basic shape of the 
object. Receding features are drawn at an 
angle of 30° to the base line. 


BASE LINE 


| FIG. 22:33 


3. Construct the sloping surface in the 
upright section. Draw the partial ellipses | 
for the round. 


| FIG. 22:34 


4, Remove unnecessary construction lines. 
Locate and draw the centre lines of the 
hole. Draw the isometric circle to repre- 
sent the hole. Use position number I. 
Draw the axis of the hole. 


i LAY-OFF BASE THICKNESS, | 
represent the top edge of the hole is © es 
greater, by measurement, than the thick- ___THESCALE. 


| FIG. 22:35 


5. If the smallest width of the ellipse used to 


ness of the base, the lower edge of the 
hole will be visible. The enlarged detail 
shows how to draw the lower edge when 
it is visible. 


CENTRE ELLIPSE TEMPLATE | 
| OPENING ON HOLE AXIS AS | 
SHOWN. DRAW REQUIRED | 


PARTIAL ELLIPSE. 
FIG. 22:36 lia le 
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6. Remove unnecessary construction lines. 
Complete the finished linework to obtain 
the isometric pictorial view. Shading can 
be added to emphasize the three-dimen- 
sional effect. 





| FIG. 22:37 


To prepare an isometric pictorial view of a cylindrical 
object 






DIMENSIONS HAVE BEEN] | 
OMITTED FOR CLARITY.) | 


FIG. 22:38 ORTHOGRAPHIC VIEWS 


|. Visualize the object in a position that 
shows its shape to its best advantage. 


| FIG. 22:39 


2. Establish the vertical and horizontal centre 
lines of the front face of the object. Lightly S| Mean 
draw the axis of the object at 30°. : Ear) 





| FIG. 22:40 
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3. 


By 


Construct the isometric square for the 
front face of the object. Draw an isometric 
circle in position number 2 to represent 
the front exterior edge of the object. 


. Project the centres of the small radii paral- 


lel to the axis of the object. Along one of 
the projected lines, establish the thickness 
of the object. Draw a line through the esta- 
blished point, as indicated. 


Construct the small radii as shown. Draw 
the large arc of the ellipse tangent to the 
small arcs to establish the rear exterior 
edge of the object. Draw tangent lines to 
complete the exterior contours of the 
object. 


. Remove unnecessary construction lines. 


Construct the isometric square for the 
hole. Draw an isometric circle in position 
number 2 to represent the front edge of 
the hole. 


| FIG. 22:41 


| FIG. 22:42 


| FIG. 22:43 





| FIG. 22:44 
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7. Remove unnecessary construction lines. 
Establish the thickness of the object along 
the axis. Draw the rear edge of the hole, 
using the large arc of the isometric circle. 


w| |HICKNESS 
OF OBJECT 


| FIG. 22:45 


8. Remove unnecessary construction lines. 
Complete the finished linework to obtain 
the isometric pictorial view. Shading can 
be added to emphasize the three-dimen- 
sional effect. 





| FIG. 22:46 


REVIEW QUESTIONS 
1. Name the types of axonometric projec- horizon”, from what position is it being 
tions. viewed? 


2. How do dimetric and isometric pictorial 
views differ? 


. Why are the features of objects foreshort- 
ened when drawn axonometrically? 


6. What geometric shape do circles assume 
in isometric? 

7. List the names of six objects shown in the 

a ce text that have been drawn by means of 

4. How can an isometric pictorial view be isometric pictorial drawing. List the page 
identified? number on which each is located. 

5. lf an object is drawn pictorially ‘‘above the 


es 


UNIT 3 
Perspective Drawing 


Of the three methods used to prepare pictorial views, per- 
spective drawing provides the most realism. It depicts 
objects in a way that is very similar to the way the eye sees 
them. The realism of perspective pictorial views is achieved 
by the convergence of the lines of receding parallel 
features. 

The eye sees things smaller the farther away they are 
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and larger the closer they are. The convergence provided by 
perspective pictorial drawings imitates this natural viewing 
characteristic of the eye. Because there is no apparent 
distortion, this produces greater realism than is the case 
with oblique or isometric pictorial drawings. 

Figure 22:47 illustrates the basic convergence principle 
of perspective. Note that the object is viewed relative to 
the horizon and that each vanishing point (VP) represents 
the place where the lines of the receding edges would 
converge. 





HORIZON 


3. ABOVE THE HORIZON 


| FIG. 22:47 VIEWING POSITIONS 


TYPES OF PERSPECTIVE DRAWING 

Perspective drawings can be prepared by what is known as 
single-point, two-point, or three-point perspective. The 
word “‘point”’ is short for ‘vanishing point’. The three types 
of perspective drawing are compared in Figure 22:48. 
Since two-point perspective is the most commonly used of 
the three types, it is the one chosen for the perspective 
drawing problems in this chapter. 
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VP 


|. SINGLE-POINT PERSPECTIVE 


2. TWO-POINT PERSPECTIVE 





| FIG. 22:48 TYPES OF PERSPECTIVE DRAWING 
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3. THREE-POINT PERSPECTIVE 


VP 


To prepare a two-point perspective view of a non- 
cylindrical object - below horizon 


|. Locate the picture plane line (PPL). 7" 
Draw the top view of the object at 
an angle to the picture plane line. 
Any angle that provides the best 
view of an object may be used. 
Angles of 30° and 45° are com- : 
monly used. It is essential to show 
those hidden contours in the top 
view that will appear in the per- | FIG, 22:49 
spective view but are not normally ~ 
visible in the top view. 


2. Locate the horizontal ground plane | 

line (HGPL), the horizontal line | 
(HL), and the station point (SP), as 
required. Project all corners of the 
object from the top view to the sta- | 
tion point. The station point is 
where the observer is assumed to 
be standing. 


FIG. 22:50 





@& 


. Draw lines from the station point, | 
parallel to the front surfaces of the | 
object, to intersect the picture 
plane line. Project the intersecting 
points on the picture plane line to 
the horizon line. This establishes 
the right and left vanishing points 
(RVP and LVP). 


1 FIG, 22°51 
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4, Draw the front view of the object 
on the horizontal ground plane line 
at a convenient location. The front 
view is used to establish the nec- 
essary heights of features in the 
perspective view. 


FRONT VIEW 


| FIG. 22:52 


5. Construct the perspective view. All 
heights in the front view are first 
projected to the line of sight and 
then to each vanishing point. This 
establishes the height of each con- 
tour in the perspective view. All 
points of intersection on the pic- 
ture plane line are dropped verti- 
cally to determine the necessary 
widths of features in the perspec- 
tive view. 





| FIG, 22:53 


FEATURES LOCATED BEHIND THE PICTURE PLANE 
LINE 
Features of objects may lie behind the picture plane line. 
Therefore, it is often necessary to construct such features 
by means of points established by intersecting lines that are 
projected from the front and top orthographic views and 
then to the vanishing points. 

Figure 22:54 outlines this type of construction as it 
applies to the perspective problems in this chapter. 
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PROJECT CORNER ‘A’ | 

TO FRONT EDGE OF | __ 
TOP AND THEN TO 
PERSPECTIVE VIEW. | 


. 7 FRONT VIEW 
PROJECT TO LINE OF } 


SIGHT AND THEN TO 
LEFT VANISHING POINT. 





| FIG. 22:54 CONSTRUCTION OF FEATURES BEHIND THE PICTURE PLANE LINE 


REVIEW QUESTIONS 





I. Why do oblique and isometric pictorial and state how they differ. 
views lack the realism of perspective 4, Explain each of the following terms: 
drawing? (a) converge 

2. What type of pictorial views do artists usu- (b) vanishing point 
ally draw? Suggest why. (c) three-point perspective 


3. Name the types of perspective drawing 
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| OBLIQUE DRAWING PROBLEMS 


200 | 50 260 


SET SQUARES 2 mm THICK 











D6 
\y 


SCREW DETAILS 





90 30 


N -4 mm THICK 
| 55 
12 
C0 ee 


9 THICK 





330 














T-SQUARE AND SET SQUARES 
SCALE 1:2 







R5 ALL ROUNDED CORNERS 


3 6 


= 


OBLIQUE LETTERING 
SCALE |:1 









| Instructions for Oblique Lettering 
| 1. Use a PS? sheet. 3. Letters are 30 mm wide except I, A, V, and | 
| 2, Letters are 10 mm thick and should recede W. Strokes of R, A, V, and W slope at Id". | 
to the right. All letter strokes are 8 mm 4. Centre strokes of R,E, andS arethe same | 


wide. height as P. 
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| OBLIQUE DRAWING PROBLEMS 







zu 





SWING LINK 
CAVALIER 


@ 20 — 32 CBORE. 
lO DP. 





54 





oa ren Ul 
WL Y/N" , ; 
VIBRATOR ARM 
CAVALIER 


@20 
34 CBORE. 5 DP. 


© 32 


_— 


__—<_<_<—<$<<<$<$—$$—_———_—————— 








6 WIDE x 3 DP. 


DRIVE FLANGE 
CABINET 








Z 10 — 18 SFACE. 





LIN 










aa 
LSS 


N 
\S 






D8 
25 CBORE. 8 DP. 


SHAFT GUIDE 
CABINET 
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| OBLIQUE DRAWING PROBLEMS 


88 








DRAW SECTION LINES | | 
AT 60° FROM HORIZONTAL.| | 


@l4 - 4 HOLES 
EQUALLY 
SPACED ON 
90 B.C. 






6 WIDE x 3 DP. 
KEY WAY 


co 


STARTING SKETCH | 





TORQUE BUSHING 
CABINET 


@I3 — 4 HOLES EQUALLY 
SPACED ON 72 B.C. 









BEARING RING 
CAVALIER 


D120 


| Instructions 
| 1, Use a P3 sheet for each problem. 3. Study similar oblique views in the text for 
| 2. Draw an oblique view of each object. assistance. 


Remove the top right or top left sectionas 4. Refer to the starting sketches provided. 
required. 
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| ISOMETRIC DRAWING PROBLEMS 


T 


ea rae 
(ne itt 
Ete! 


CARRIER BLOCK 
SCALE 1:1 





phn b 
4a Ue 


TOOL BLOCK 
SCALE |I:1 





TRIP SLIDE 
SCALE 1:2 


STABILIZER YOKE 
SCALE 1:2 


; ISOMETRIC DRAWING PROBLEM 
: EXPLODED VIEW OF A DRILL JIG 
SCALE I: 





a 40 
Ln PUMP SHAFT s J L, 2 
@I3 - 19 CBORE. 8 DP. MI2 TO SUIT (5) 
2 HOLES 2 HOLES 








—— — 06-2 HOLES» 


TO SUIT (6) 


66 —_——_arm= 
a I5 - ROUNDS AND FILLETS R8 ) : 
: 7 @13-2HOLES} _ | 
een 


| 65 
18 
: ROUNDS AND FILLETS R8 


(2) BUSHING PLATE 
(I3 THICK) 


lO 
- 20 | 
|x 45° 
8 : BOTHENDS 5. 
: ~ 
. = 30 / | 
goHo.e |=? | RO.25 : 
G16 BOTH ENDS 

(3) LOCKING HANDLE (4) DRILL BUSHING (5) SOCK. HD. CAP SCREW ——- (6) DOWEL PIN 


SEE NEXT PAGE FOR INSTRUCTIONS. 
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DRAW SIDES OF HEXAGON 
__IN THE ORDER SHOWN. | 













LENGTH 









VERTICAL DIMENSIONS 
ARE TO THE TOP 
SURFACES OF JIG PARTS. 





SUGGESTED P2 SHEET LAYOUT FOR THE 
ISOMETRIC PROBLEM ON THE OPPOSITE PAGE. 






FASTENER DETAILS 





Instructions 








|. Prepare an exploded isometric view of the The large end must touch the vertical face 
jig detailed on the opposite page. The jig is of the base. 
a production tool that locates and holds Drill Bushing 
the pump shaft while the hole is being Locking Handle 
drilled. Socket-Head Cap Screws 
2. Refer to the exploded view on page 237. Dowel Pins 






Note how the threads, chamfers, and 
other details are shown. 4. Erase unnecessary lines. Complete the 


finished linework. Use a red pencil to 
complete the pump shaft and provide a 
contrast. Pump shaft is not part of the jig. 








| 3. Refer to the suggested sheet layout and 

fastener details above. Draw the jig parts, 
and the pump shaft in the order below. ‘: 
The base and bushing plate are symmetri- _5- !dentify the parts of the jig. 










cal about their vertical centre lines. 6. Add shading and texturing if required to do 
Bushing Plate so. Refer to the many examples of shaa- 
Base ing and texturing throughout the text. 






Draw the pump shaft with its smallest 
diameter located in the ‘V’ of the base. 
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| ISOMETRIC DRAWING PROBLEMS 


TOWEL RACK 
SCALE 1:2 


ALL CORNERS 


aa oy 


Ree 


acca aoc 
| | | ISOMETRIC LETTERS | 


: , _ SCALE |: 1 


SOMETEIC, 


| Instructions | 
| 1: Draw an isometric view with the thickness 3. In the isometric view the sloping stroke of | 
of the letters receding to the left. the R is drawn at 75° off the horizontal. 


| 2. The isometric view produces a variation in 4. Rounded corners on letters R3 | 
the thickness of the sloping bars of the M. 


= LY if x. 
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PERSPECTIVE DRAWING PROBLEM 








58 APPROX. 


185 = 60 FRONT VIEW 
SL 


SUGGESTED P2 SHEET LAYOUT 


Instructions 
Temporarily tape a piece of paper to the left FILING CABINETS 
| side of the drawing sheet to accommodate SCALE 1:10 

| the left vanishing point. 
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PERSPECTIVE DRAWING PROBLEM 


2400 


75 ALL DRAWERS 


900 





LAB BENCH 
SCALE 1:15 







2|5 
APPROX. 


4 
a 
But 


FRONT VIEW 
315 


SUGGESTED P2 SHEET LAYOUT 


| Instructions : 
| Temporarily tape a piece of paper to the left | 
| side of the drawing sheet to accommodate 

| the left vanishing point. 
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: PERSPECTIVE DRAWING PROBLEM 


2800 
0 DOORS OF EQUAL ia 





RUBBER BASE 














|MOULDING 
KITCHEN CABINETS 
SCALE 1:20 
Fa ee IIS 
CENTER OF SY | 
DRAWING SHEET a9 r* 
pH TT RVP 
_ | as 
85 
215 
APPROX. pert ae 
FRONT VIEW 
SP | . 
SUGGESTED P2 SHEET LAYOUT 
| Instructions , 
| I. Handles are the same size. 3. Temporarily tape a piece of paper to the 
| | 2. Include rubber base moulding and ceiling left side of the drawing sheet to accom- 
\ 


line in perspective view. modate the left vanishing point. 
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The fundamentals of technical drawing that have been dealt 
with so far have been applied, in most instances, to 
machine parts. In this chapter architectural drawing and 
some of the technical drawing principles applicable to it will 
be studied. 

In a text of this nature it is impossible to present the 
broad topic of architectural drawing and design in complete 
detail. Consequently, Chapter 23 provides only an introduc- 
tory overview of this important field of technical drawing. In 
it you will become acquainted with the many principles and 
construction features that apply to house design. 


UNIT | 


The plans of houses and buildings consist of individual 
sheets of working-drawings. The number of sheets and 
their size depend on the size and complexity of the struc- 
ture involved. 


| FIG. 23:1 UNLIKE MACHINE DRAWINGS, ARCHITECTURAL WORKING-DRAWINGS 
ARE USUALLY BOUND IN SETS. 
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In machine drawing there are two distinct types of work- 
ing-drawings: detail working-drawings and assembly work- 
ing drawings. In architectural drawing there is no such divi- 
sion. 

All architectural drawings that are used for construction 
purposes are referred to as working-drawings. Seldom, if 
ever, do architectural plans include a separate drawing of a 
single component or structure. Architectural working-draw- 
ings are actually major or minor assembly drawings. 

Architectural working-drawings are divided into three 
basic types: floor plans, elevations, and details, which con- 
sist largely of sectional views. Accompanying a set of archi- 
tectural working-drawings is a lot plan, commonly referred 
to as a site plan. This may be drawn on a separate sheet or 
it may be included on one of the sheets of details. 


FLOOR PLANS 


A floor plan is prepared for each floor of a building to show 
the location of all features such as rooms, closets, win- 
dows, and stairs. A floor plan is an orthographic view of one 
floor of a building viewed directly from above. The building 
is imagined to be cut through at window level with the top 
section removed. Figure 23:2. 
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| FIG. 23:2 FLOOR PLAN AND ALTERNATIVE FRONT ELEVATIONS 
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ELEVATION 









































REAR ELEVATION LEFT SIDE ELEVATION 
SCALE /1:50 SCALE 1:50 


| FIG. 23:3 REAR AND SIDE ELEVATIONS 





ELEVATIONS 

The exterior orthographic views of buildings are called ele- 
vations. The front is always referred to as the front elevation. 
The other elevations are named according to their position 
in relation to the front elevation; right, rear, left. The pur- 
pose of elevations is to provide exterior views of a building 
and to indicate the location, size, and details of vertical and 
horizontal exterior features. See Figures 23:2 and 23:3. 


DETAILS 
Floor plans and elevations provide information about the 
overall construction of the major elements of a building. 
Additional drawings called details or detail drawings must 
be prepared to show the design and construction of exterior 
and interior details such as stairs, foundations, walls, fire- 
places, windows, and cupboards. For large buildings, detail 
drawings are also necessary to show the construction and 
installation details for plumbing, heating, and mechanical 
equipment. 

Detail drawings make elaborate use of sectional views. 
See Figure 23:4. 
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SITE PLAN 
A site plan consists of a single orthographic view that 
shows how and where a building will be situated on the lot 
on which it is to be erected. It does this by providing the 
dimensions of the lot, the dimensions that locate the build- 
ing on the lot, the external dimensions of the building, and 
the position of the building relative to the street and to the 
points of the compass. Site plans for large buildings include 
elevation measurements above sea-level. These are used 
as reference measurements to ensure that a building is 
positioned at the correct height above grade level. 

Figure 23:5 shows a typical residential site plan of three 
adjacent building lots with houses located on two of them. 
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| FIG.23:5 RESIDENTIAL SITE PLAN : 
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Specifications 





On a set of architectural working-drawings it is impossible 
to indicate clearly all of the information and data that is 


required to construct a building. Consequently, and particu- 
larly for large structures, a set of specifications must be 
made up to accompany the working-drawings. 

| Specifications are a bound set of instructions, descrip- 
tions, and conditions. They list details regarding such items 
| aS mortar, concrete, and cement mixes; brick types and 
| their ordering numbers; plumbing, heating, and electrical 
references; paint types and colors; and any additional infor- 
. mation that a contractor must be aware of in order to finish 
a house or building as required by the architect or owner. 


Apart from clarifying details of construction and finish 
| that cannot be shown on the working-drawings, specifica- 


| tions also help to avoid misunderstandings between the 
contractor and the architect or owner concerning the hun- 
) dreds of items that must be agreed upon in order to com- 
plete a house or building. 





FIG. 23:6 PLANS AND SPECIFICATIONS 





\ 


383 





METAL FRAMED SKYLIGHT 


SECTION 07812 


SECTION 01010, GENERAL INSTRUCTIONS, IS TO BE READ AS PART OF THIS 
SECTION. 


Related Work Under Other Sections Le 
poe DESCRIPTION 
Wood curbs: Section 06100 


Description of System 


Lietad Design, fabrication and erection of skylight framing 
and double glazing required to make a complete and watertight 
installation. 


Aluminum flashing around base of skylight. 


Manufacturer os 
QUALITY 
ns ews The skylight shall be 1BG Extruded Tubular Aluminum ASSURANCE 
Model SG 220 modified to have 8 Sections, as manufactured by 

Ickes-Braun Glass Houses of Canada Limited, 90 Bartlett Road, 

Beamsville, Ontario. (Approved Alternate: Lord & Burnham Co. Ltd.) 


301 Shop Drawings 3 
SUBMITTALS 


Jalyk Submit. shop drawings in accordance with Article 5 
of the General Conditions. 


4.1 Aluminum: 6063-T6 alloy and temper. Sheet aluminum 4. 
shall be of the required alloy and temper to make it compatible MATERIALS 
with the specified 


) FIG. 23:7 TYPICAL SPECIFICATIONS 





Presentation Drawings 


Presentation drawings are simplified versions of the detail 
plans of a house or building. They provide a general impres- 
sion of what a finished house or building will look like. 

Various forms of presentation drawings are used in 
magazines, newspapers, and catalogues. They are also 
widely used by real estate sales people at housing develop- 
ment sites for distribution to prospective home buyers. 

Presentation plans vary in their detail. Essentially they 
show only the basic features of a house or building by 
means of floor plans and elevations. Some include a per- 
spective view of the finished structure. They do not provide 
details of construction or dimensions, other than those that 
apply to the overall sizes of major features such as rooms, 
garages, and patios. 

Presentation plans or drawings are prepared primarily for 
use by people who are untrained in the skills of blueprint 
reading and in the technical details of construction. As such, 
they are easy to read and avoid the use of technical terms 
and references. 
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ROOF LINE BELOW 














DINETTE 
3.350 x 2.870 





BEDROOM 2 
4.270 x 3.050 
FAMILY ROOM 
4,780 x 3.510 


(CATHEDRAL CEILING) 


BEDROOM 3 


3.180 x 3.050 DINING ROOM 


3.350 x 2.850 


MASTER BEDROOM 
5.060 x 3.350 


LIVING ROOM 
3.350 x 4.880 


GARAGE 
5.870 x 6.100 





MASTER 
5.180 x 3.350 





SECOND FLOOR PLAN GROUND FLOOR PLAN 





ELEVATION A ELEVATION B 


172.000 m2 


| Fic. 23:8 PRESENTATION PLANS OF THE TYPE AVAILABLE AT RESIDENTIAL 
BUILDING SITES 
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Renderings 


Many presentation plans include a perspective view of the 
building which shows its exterior features to best advan- 
tage. Being a three-dimensional view, the perspective pro- 
vides a composite impression of the proposed structure. 

Perspective views frequently include more detail than 
just the proposed buildings, such as trees, cars, other build- 
ings, sidewalks, and people. These are included in order to 
create a greater sense of realism. Such drawings are called 
renderings. Renderings of large and expensive buildings are 
frequently done in full color. An example of a black-and- 
white rendering is shown in Figure 23:9. 


FIG. 23:9 TYPICAL BLACK-AND-WHITE RENDERING OF A HOUSE 


For complex structures such as large office buildings and 
large, expensive homes, architects frequently also commis- 
sion scale models to be built. A scale model makes it much 
easier for clients to visualize what they are purchasing and 
to note any features that they may wish to have altered. 
Scale models, unlike renderings, enable buildings to be 
viewed from all angles. This is a decided advantage when a 
great deal of money is involved in designing and erecting 
large and complicated buildings. An example of a model is 
shown in Figure 23:10. 
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| REVIEW QUESTIONS 








|. What purpose do each of the following 
architectural working-drawings serve? 

a) elevations 

| b) floor plans 

c) details 


2. Explain or define each of the following: 
a) rendering 

b) specifications 

presentation plans 

d) elevations 

e) site plan 


3. Using the tiled bathroom of a house as an 





OR, gm, i, gm, go, 
©) 
all 





example, list three items in the bathroom 
that would have to be listed, described, or 
otherwise detailed as part of the specifica- 
tions for the house, rather than outlined on 
the working-drawings. 


4, Explain why it is usually more advanta- 
geous to show a prospective client pre- 
sentation plans than a set of working- 
drawings? 


5. Why do architects frequently commission 
scale models to be built? What advantage 
do scale models provide? 
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UNIT 2 


LOCATION 

A house should be designed to take advantage of the loca- 
tion, shape, size, and character of the lot on which it will be 
built. The choice of a building lot in a suitable location, 
therefore, is the first major decision that must be made 
before the plan of a house can be started. 

Many persons still prefer to purchase their own building 
lot and to have a house designed and. built on it to suit their 
individual needs. This, however, is no longer the procedure 
followed by the majority of modern home buyers. Most 
people now buy homes in new communities or subdivi- 
sions that have been planned and constructed by develop- 
ers or builders. | 

The advantages to be gained by purchasing a new home 
in a planned residential community appeal to many people 
today. It relieves them of having to cope with a great many 
decisions and details connected with the purchase and con- 
struction of a house. It also usually ensures them that they 
will be provided with the necessary community services 
such as sewers, water, electricity, schools, shops, roads, 
and, in many cases, public transportation. 

A planned residential community consists of a tract of 
land that is purchased by an individual or a company and 
developed according to a plan approved by the local munici- 
pality. Such a developer or development company hires 
contractors, engineering consultants, and architects to plan 
all aspects of the community and to install all the services. 

Each street in the development is divided into building 
lots and each lot is assigned a number. Several house plans 
are made available. Prospective home buyers select a lot 
and a house design that suits their needs, desires, and 
financial capabilities. 

Figure 23:11 shows the layout of a typical planned com- 
munity that consists of 301 individual building lots. In a 
development all the physical and architectural aspects are 
controlled to ensure that property values and appearance 
will be maintained. 

Because of the many advantages provided by planned 
residential developments, the choice and selection of a 
building lot is not as important a decision as it once was. 
Nonetheless, whether a family plans to build a house on an 
individual basis or to purchase one in a planned subdivision, 
there are many things to take into consideration. The ele- 
ments of planning and design outlined in this unit and the 
other units in this chapter will serve as guides in designing a 
suitable house plan or in assessing the efficiency and practi- 
cality of an existing design. 
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| FIG. 23:11 LAYOUT OF A TYPICAL RESIDENTIAL SUB-DIVISION 


HOUSE TYPES 

There are four basic types of houses. Each has advantages 
and disadvantages. The particular type of house that is 
most suitable for any given set of conditions depends on 
personal preference and the features of the lot on which 
the house is to be built. 


The bungalow 

A bungalow has the maior living areas located on the main 
floor level. Because there are no stairs, except those to the 
basement, housework is less tiring and fewer accidents 
result. It is also easier and less costly to make additions to a 
bungalow than to any of the other house types. The single 
level of a bungalow offers greater scope for open planning 
in order to provide a feeling of spaciousness. Refer to Fig- 
ures 23:12, to 23:14. 

Heating a bungalow can offer problems, particularly if the 
floor plan is too spread out. A bungalow also requires dou- 
ble the roof area and foundation that a two-storey house of 
the same floor area requires. 

Because a bungalow covers more area than any of the 
other house types, it requires a larger lot. During recent 
years the cost of land has risen dramatically. As a result, 
there has been a noticeable decline in the number of bunga- 
low-type homes being built. 


| Fitness Trail | 


Existing Residential 


Py eo re 


\ Open Space ite 


Cluster 
Housing 


HIALEAH CR N i ec = 
0 | 247 ire Hal i 
5 Residential 





389 














STEMI 
uM 


MIAH 





LAHTI 





























fs ~~ }-= i 
—— = 
Hi _—- 




















: | FIG. 23:13 TYPICAL CROSS SECTION OF | 
Eleenicedbaabtes desi _ | | LA BUNGALow 


q vestiaue [ty BEDROOM 





ii FIG. 23:14 A BUNGALOW HAS THE MAJOR LIVING AREAS ON ONE FLOOR. 


The storey-and-a-half 

The storey-and-a-half house provides the greatest amount 
of floor area for the least cost. Compared with a bungalow, 
it provides up to seventy-five per cent more floor area under 
approximately the same amount of roof area. This reduces 
the ground floor area to less than that of a bungalow. It also 
enables the second floor level to be left unfinished until the 
needs of a family require it. 

Many storey-and-a-half designs require dormer win- 
dows, which increase construction costs. Dormers should 
be kept to a minimum, therefore, with windows mounted 
instead in the gable ends. 

if more than two bedrooms are required on the second 
floor level of a storey-and-a-half house, it is advisable to 
consider building a full two-storey house. 

Figures 23:15 to 23:17 show features of the storey-and- 
a-half house. 
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| FIG. 23:15 STOREY 
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The two-storey 
Because of their compact design, two-storey houses are 
well suited to narrow lots and are easy to heat, compared to 
other types. See Figures 23:18, 23:19, and 23:20. 
Two-storey houses are now the most popular types 
being constructed since they require smaller lots, provide 
two Tull and completely separate living levels, and offer the 
most house area per construction dollar. 





























| FIG. 23:18 TWO-STOREY HOUSES ARE COMPACT AND WELL SUITED TO NARROW 
LOTS. 


| FIG. 23:19 TYPICALCROSS SECTIONOF | 
ATWO-STOREYHOUSE _— | 
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FIG. 23:20 THE COMPACT DESIGN OF A TWO-STOREY HOUSE MAKES IT EASY TO 
HEAT AND ECONOMICAL TO BUILD. : 
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The split-level 
The split-level design is the newest of the four basic house 
types, having first become popular during the early nine- 
teen-fifties. The split-level design offers some of the open- 
ness of the bungalow and some of the compactness of a 
two-storey house. Inside, the upper and basement levels 
are reached by means of five or six steps from a ground- 
entrance level. 

Although the split-level design can be adapted to a level 
lot, it is especially well suited for erection on sloping lots. 
Refer to Figures 23:21 to 23:23. 
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| FIG. 23:22 TYPICAL CROSS SECTION OF : 
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ROOF TYPES 

Figure 23:24 shows a number of common types of roofs. 
As you can see, roofs may be pitched or flat. The two most 
popular pitched roof types are the gable and the hip. The 
two most popular flat roof types are the simple flat and the 
shed. 

There is little difference between the cost and the effi- 
ciency of a pitched roofand those of a flat roof. With a gable 
roof it is possible to provide second-level living space, 
although extra maintenance and construction costs may 
arise in connection with the gable ends and the need for 
dormers. 

The hip roof is used primarily on bungalows and on many 
two-storey houses to obtain a low silhouette. It is not prac- 
tical for living space since its slope is too shallow. It also 
costs more to construct a hip roof than it does to construct 
a simple gable roof. This is due to the extra framing required 
and the need for extra shingles. 

The clerestory and the butterfly roofs are variations of the 
flat and pitched roofs. The gambrel and the mansard roofs 
are found on traditional-style homes, such as Dutch Colo- 
nial and French Colonial. 


3. BUTTERFLY 


4. CLERESTORY 


: 5. GAMBREL 
| FIG. 23:24 ROOF TYPES 
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6. LOW HIP 



















10. MANSARD 





|. What is a planned development? 6. What is a gable end? 


2. List several advantages that are derived 7. How can a split-level house be identified? 
from purchasing a home in a planned resi- s. Many two-storey houses have _ their 


dential subalvision. garages in the front. Why? Refer to Fig- 
3. Why is the bungalow no longer the most ure 23:18. 


popular type of house being built? 9, What type of roof is on each of the follow- 
4, List four reasons why two-storey houses ing houses? 
are very popular today. 


5. What is a dormer? What type of house 
requires a dormer? 
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UNIT 3 
Elements o1 of a Floor orPlan 





The major habitable areas of a house are the sleeping, 
service, and living areas. The sleeping area consists of the 
bedrooms and adjoining bathrooms. The service area is the 
kitchen. The living area comprises the living room and, in 
many cases, a family room. 

In developing a floor plan it is essential to arrange the 
three major areas of a house in a practical relationship in 
order to satisfy the needs of the family and to take full 
advantage of the lot on which the house will be erected. 

A desirable floor plan is one that groups the three major 
areas so that they make provision for all of the activities of 
each member of the household. The problem, of course, is 
to arrange the three areas so that they are connected by a 
minimum number of halls, doors, and stairs. It should also 
be possible to reach each area directly by passing trom one 
to the other without having to pass through the third, as 

shown in Figure 23:25. 


LIVING 


"01 SERVICE 
LIVING 
| SERVICE 


| THE SLEEPING, SERVICE, AND LIVING AREAS SHOULD BE SEPARATED BY A MINIMUM 
| NUMBER OF HALLS, DOORS, AND STAIRS. IT SHOULD BE POSSIBLE TO MOVE 
| DIRECTLY FROM ONE TO THE OTHER. 


| FIG. 23:25 





Pause 23:26, 23:27, and 23:28 show eae floor seelaes for 
three types of house design. 


| LIVING - DINING 


KITCHEN 





| FIG. 23:26 THREE-BEDROOM BUNGALOW 
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: FIG. 23:27, TWO-BEDROOM SPLIT-LEVEL 


FLOOR AND WALL AREAS 

A square floor area has less enclosing wall surface area 
than any other shape commonly used in house construc- 
tion. Figure 23:29 illustrates this point. Large wall areas 
increase construction and maintenance costs. Enlarging the 
outside perimeter of a house also increases fuel consump- 
tion. 

Although square floor areas are generally less expensive 
to build and maintain, they do tend to give a “‘boxlike” 
appearance to the exterior of a house unless they are 
arranged carefully or used in conjunction with one or more 
rectangular areas. 


FLOOR AREA = 12.25m2 
WALL SURFACE AREA = 35m2 


|. SQUARE AREA 


FIG. 23:29 A COMPARISON OF SQUARE AND RECTANGULAR FLOOR AND WALL 
AREAS. ALL DIMENSIONS ARE IN METRES. 


| |. BOXLIKE 2, PREFERRED 
FIG. 23:30 THE USE OF SQUARE FLOOR AREAS GIVES A HOUSE A “BOXLIKE” 
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APPEARANCE. 


ING 


| FIG. 23:28 THREE-BEDROOM STOREY-AND-A-HALF 


FLOOR AREA = 12.25m2 
WALL SURFACE AREA = 43.75 m¢@ 


2. RECTANGULAR AREA 
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Rectangular floor areas add interest and variety to a 
house plan. However, they should be kept simple and com- 
pact to keep construction and maintenance costs as low as 
possible. Compound rectangular floor areas that are spread 
out produce additional inside and outside corners, which 
increases the construction costs. Additional outside corners 
should be avoided if possible, particularly in traffic areas, 
since they are exposed to wear and damage. 


FIG. 23:31 COMPOUND RECTANGULAR AREAS REQUIRE ADDITIONAL INSIDE AND | 
OUTSIDE CORNERS, INCREASING CONSTRUCTION COSTS. 





THE LIVING ROOM 
The living room is that area of a house in which the follow- 
ing activities are usually carried out: 


|. entertaining 5. writing 

2. relaxing 6. watching TV 
3. sewing 7. playing 

4. reading 


Of all the rooms in a house the living room often has to be 
the most flexible and the most adaptable. This is particularly 
true in smaller homes where it is the only room reserved for 
most of the activities listed above. Unlike other rooms that 
are enclosed by four walls and one door, the living room is 
frequently the open, central point of a house. In modern 
houses it is usually of a rectangular shape with archways 
that reveal other areas of the house. 

In larger houses, family rooms and recreation rooms are 
provided, either in the basement, on the main floor, or on 
the second floor. Such rooms reduce much of the traffic 
wear in the living room. 


Suggestions for a living room pian 
1. Consider reducing other rooms to minimum sizes in.order 
to increase the combined living-dining room floor area. 


2. Avoid a long, narrow living room. It is difficult to furnish. 
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3. Provide enough unbroken wall areas for the easy place- 
ment of furniture. 


4. Try to include a focal point such as a fireplace or a picture 
window. Do not locate the focal point of the room 
between two wall openings. This can limit the furniture 
arrangement. It also tends to isolate the focal area from 
other parts of the living room. 


—= eee 
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SSS > 
<= 


FIG. 23:32 A FIREPLACE MAKES AN IDEAL FOCAL POINT FOR FURNITURE 
PLACEMENT AND FOR CONVERSATION. 





5. Avoid having the front door open directly into the living 
room. This causes draughts, eliminates privacy, and 
increases traffic wear. Use a room divider, a wall, or a 
closet to create a vestibule effect. 





: FIG. 23:33. THE LIVING ROOM SHOULD BE SHIELDED FROM THE MAIN ENTRANCE. : 


2. AVOID IF POSSIBLE. 





6. Locate a picture window so that it takes advantage of an __| FIG. 23:34 sr ee : 
exterior view. Re aa a 
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7. Traffic through the living room should be kept to a mini- 
mum. Avoid making the living room serve as a hallway to 
other parts of the house. 





3. AVOID THIS. 4. PREFERRED 





| FIG. 23:35 THE LIVING ROOM SHOULD NOT SERVE AS A HALLWAY. 





BEDROOMS 

The minimum recommended floor area for a master or 
double bedroom is || m?. Floor areas of 14 m* to 17 m@ are 
considered medium to generous in size. The recommended 
minimum floor area for a single bedroom is 7 m*. A more 
desirable minimum is 9 m? since the basic items of furni- 
ture will occupy at least 3 m@. 

Bedrooms need adequate ventilation, but windows need 
not be large. Those that have their sills 1.5 m above the floor 
level leave additional wall space for furniture. 

The plan of a bedroom should take into account the tact 





: FIG. 23:36 AMASTER BEDROOM 
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that closet doors and the drawers of vanities and night 
tables require space to open into. Also, beds should be 
situated so they can be made up from both sides. 

Electrical outlets, as in all other rooms of a house, should 
be planned for lamps and appliances. The installation of 
extra outlets at the time of construction is advisable, since 
furniture is often rearranged. 

Adequate closet space is also essential when two adults 
occupy the same bedroom. Separate closets are very con- 
venient. 

lt is also good design practice to have bedroom doors as 
well as the doors of other rooms swing into the room and 
against a wall or low-traffic area. Refer to Figure 23:37 and 
Figure 23:38. 





| FIG. 23:37 DOUBLE BEDROOM | | FIG. 23:38 SINGLE BEDROOM 


DINING ROOM 
A separate dining-room or a dining area clearly apart from 
the living room and kitchen is desirable. The dining room 
should be large enough to accommodate a table and chairs - 
| along with a buffet or sideboard. It should also have ample 
- circulation space and adequate storage areas for china, 
| glassware, silver, linen, and other incidentals. 
A short carrying distance from the kitchen to the dining 
room is necessary for the easy serving of meals. In fact, the 
routine of cooking, setting the table, serving, eating, clear- 
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ing, washing up, and storing should be a smooth sequence, 
requiring a minimum of time and effort. 





| FIG. 23:39 A SEPARATE DINING ROOM OR DINING AREA IS A DECIDED ASSET. 


KITCHEN 
The following sequence of actions takes place in preparing 
ameal. 


1. Assembling of foods 

2. Preparation of food, including washing and mixing 
3. Cooking 

4, Serving 

5. Cleaning up 


To make the handling of meals easy, the sequence of food 
preparation should be provided for in the layout of the 
kitchen and its equipment. 

Three work centres are necessary: the mix centre, the 
sink centre, and the cook centre. Supplies and equipment 
for use at each centre should be stored close at hand. 

There is a direct path between the work centres, forming 
a work triangle by which the efficiency of a kitchen can be 
judged. The sum of the distances between the work cen- 
tres should not be less than 3.5 m and not more than 6 m. 

The arrangement of the kitchen work centres, together 
with that of the doors and windows, determines the type of 
kitchen layout. Some of the more common types of kitchen 
layouts are shown in Figure 23:42. Note that in all but one 
of them the work centres are placed side by side with a 
continuous counter connecting them. 
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| FIG. 23:40 





FIG. 23:41 
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BATHROOM 

When planning a bathroom, take into consideration any 
other rooms in the house where plumbing fixtures and 
connections are required. Then, try to group all the sanitary 
requirements in one part of the house, providing it does not 
impose too many planning restrictions. Costs can be kept 
as low as possible by locating the bathroom, kitchen, laun- 
dry, or washroom back to back or one above the other. 
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|. WASHROOM PLACED ADJACENT 
TO THE MAIN. BATHROOM 2. ASTANDARD BATHROOM 3. TWO WASHROOMS COUPLED WITH A BATH AREA 
ARRANGEMENT ADJACENT TO PROVIDE DOUBLE FACILITIES 
TO AWASHROOM 





| FIG. 23:44 BATHROOM AND WASHROOM LAYOUTS 
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|. Why is a family room or recreation room a 
desirable feature of a house? 





2. List three important points to consider 
when planning the living room of a house. 


3. The sum of the distances between the 
work centres of a kitchen is 8 m. Com- 
ment on this statement. 


LIVING ROOM 


4.\When choosing the location of a bath- 
room, what is one important consideration 


to keep in mind regarding the plumbing? | B BepRoom 
5. Why is it desirable to have as few halls as_—| || BEDROOM 
possible connecting the living areas of a_ | 


house? 


6. Pick out the weaknesses of the bungalow 
floor plan on the right. 
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7. Provide each bedroom in the second-floor 
plan on the right with a closet or closets. 
Indicate the correct swing of the bedroom 
doors. 


8. Prepare a layout of kitchen below. Provide 
a stove, a refrigerator, a sink, an eating 
area, and counter tops. 





KITCHEN 


UNIT 4 
Building Terms 


This unit introduces some of the more common building 
terms as they apply to houses and small buildings. Refer to 
the rear inside cover of the text for additional terms. 


FOUNDATION 

The foundation of a building is that part, usually below grade 
and below frost level, that acts as a base and support for 
the building. 


FOOTINGS AND FOUNDATION WALLS 
A footing is a solid area of poured concrete that supports 
the foundation walls. Footings are made wider than the 
foundation walls in order to distribute the weight of a build- 
ing over a greater area. Such an arrangement helps to keep 
the building from settling. 

Foundation walls can be constructed of poured concrete 
or of individual concrete blocks. 


DAMP COURSE 
A damp course is a layer of waterproof material, such as 
plastic sheeting or building paper, that is laid around the top 
of a foundation wall to prevent moisture in the foundation 
wall from entering the wooden structural members above. 
In some cases, a damp course Is laid around the top of 
the footings of a building prior to laying the concrete blocks. 
This is done to prevent moisture trom entering the block 
walls from the footings by means of capillary action. 
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FIG. 23:45 SECTIONAL VIEW OF A FOUNDATION WALL 


WEEPING TILES 

Weeping tiles are used to drain the water away from around 
the foundations of buildings. At one time, individual baked 
clay tiles were used as weeping tiles for drainage purposes. 
Now it is common building practice to use interlocking 
lengths of perforated black plastic pipe. The plastic pipe can 
be installed faster and more easily, and it does not break or 
collapse as do the clay tiles. 


PARGING 
Parging is the application of a mixture of cement, sand, and 
water to the surface of a masonry wall to fill the joints, 
cracks, and holes. Parging a block wall gives it the appear- 
ance of a solid concrete wall and also provides a suitable 
surface on which to apply a waterproofing compound. 

The parging mixture is applied with a trowel. 


FIG. 23:46 








SILL PLATE 
ON DAMP COURSE 


FIG. 23:47 FOUNDATION WALL DETAILS 


WATERPROOFING 

After a foundation wall is parged, it is usually waterproofed 
up to grade level on the outside with a black liquid water- 
prooting compound. The waterproofing compound is 
applied with a brush. The waterproofing compound fills the 
porous surface of the parging, which prevents moisture 
from entering the wall. 


BACKFILL 
Excavations for buildings are made larger than their actual 
outside dimensions. This allows work to be done on and 
around the exterior of the foundation walls below grade. 
When such work is complete, the space between the foun- 
dation walls and the excavation is backfilled with loose 
earth. 

The backfill is usually tamped as it is moved into place to 
help keep the earth around the foundation from settling. 


FURRING 

Furring is the application of wood strapping to a solid con- 
crete or concrete-block wall. Furring provides nailing sur- 
faces to which finishing materials can be applied. The fur- 
ring is usually shimmed (adjusted) with pieces of wood to 
compensate for the uneveness of a wall. Furring also pro- 
vides an air space between a wall and the finishing materi- 
als. The air space acts as an insulator. 


FRAMING 

Buildings that are constructed of wood have to be framed 
before finishing materials can be applied. The framing of a 
building gives it its shape. It also provides nailing surfaces 
to which other materials, such as siding, sheathing, insula- 
tion, and lathing can be applied. 


TOP COURSE 
IS SOLID 


PARGING 


WATERPROOFING 


FIG. 23:48 FURRING 
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SILL-PLATE ANCHORS 

A sill plate is a wooden member that is placed around the 
top of a foundation wall. The framed part of the building 
rests on the sill plate. It is common building practice to 
anchor sill plates at each corner of a foundation wall and at 
approximately 1500 mm intervals along the wall. Anchor 
bolts of 12 mm minimum diameter are used for this pur- 
pose. This ensures that the frame structure of a building is 
securely fastened to the foundation. 






SILL PLATE 


FLOOR JOIST 


FOUNDATION 
WALL 


FIG. 23:49 THE SILL PLATE IS ANCHORED TO THE FOUNDATION AT SPECIFIC 
INTERVALS. 


JOISTS 
Joists are wooden beams used to support floors and celil- 
ings. 


STUDS 
Studs are the vertical supporting members of a frame wall. 





TOP PLATE 


| FIG. 23:50 BRACED STUD WALL 
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BRIDGING 
Bridging consists of pieces of wood nailed at intervals 
between joists to strengthen and stabilize them. 


|. CROSSED BRIDGING 2. SOLID BRIDGING 





| FIG. 23:51 


HEADERS AND LINTELS 

Headers and lintels are wooden or metal beams located 
over window or door openings to provide support for the 
structural members above. Wooden lintels are usually 
called headers. The term “‘lintel’’ is usually reserved for 
angle-iron beams placed over the openings of doors and 
windows In masonry walls. 


LINTEL 
IN PLACE 


= 1 CONVENTIONAL HEADER 2. SOLID HEADER OVER 
OVER A WINDOW AWINDOW 


BRICK VENEER | 
WALL OPENING 


3. METAL LINTEL 


ANGLE IRON LINTEL : 
I FIG. 23:52 : 
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SHEATHING 

sheathing is a layer of wooden boards or panels, such as 
plywood, fibreboard, styrofoam, particle board, or gypsum 
lath, that is applied to the framework of a wooden building. 
It acts as a stiffener and an insulator. It also provides a 
surface to which finishing materials can be secured. 









WALL SHEATHING 
COVERED WITH 
BUILDING PAPER 


WALL STUDS © —METAL WALL TIES 


SUB-FLOOR 
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| FIG. 23:53 SHEATHING AS PART OF A BRICK VENEER WALL 


VAPOR BARRIER 

A vapor barrier is a layer of sheet material, usually plastic, 
that is placed in the outer walls and ceilings to prevent 
moisture from passing from the inside of the house into the 
outer walls and ceilings. Without a vapor barrier, the mois- 
ture would condense on the walls and ceilings, causing 
damage to interior and exterior paint finishes and decay in 
structural members. 


LATH 

Surfaces to be plastered or stuccoed must be lathed. Lath- 
ing is the application to the walls of a building of a suitable 
material, usually gypsum, to which plaster or stucco will 
adhere. Gyproc lath is the trade name of acommon gypsum 
lathing material. It is available in standard-size sheets that 
can be nailed in place. 

Perforated-metal lath is often used as a base for ceramic 
tile. Because of its strength, it is also used to reinforce 
exterior and interior plastered corners, and critical Gyproc- 
lath joints. 
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| FIG. 23:54 WALLS ARE LATHED TO 





RECEIVE PLASTER OR STUCCO. | 






DRYWALL 

An economical method of finishing interior walls and ceil- 
ings. Instead of gypsum lath and plaster, sheets of gyosum 
wallboard are nailed to the studs and ceiling joists. All 
seams and nail holes are filled, taped, and then sanded. 
Paint and wallpaper can then be applied directly to the 
finished surfaces. 


RAFTER | 
A rafter is a wooden beam used to support the roof of a 
building 





| FIG. 23:55 VERTICAL DRYWALL 


RIDGE BOARD 
The board at the peak of a framed roof to which the rafters 
are secured. 


RIDGE BOARD 
HIP RAFTER 
JACK RAFTER 
CEILING JOIST | 


CEILING JOIST 
TOP WALL PLATE 





ROOF TRUSSES 
A roof truss Is a prefabricated roof support. 

Roof trusses enable roof framing to be done faster since 
they can be built on the ground and raised into position as a 
unit. 


NAILED AND 





FIG. 23:57. TYPICAL ROOF TRUSS GLUED GUSSETS 


FLASHING 
Flashing is a layer of metal used to cover the joints where 
roof surfaces or wall and roof surfaces intersect. 


All 





Flashing Is laid under siding and under roofing shingles 
and then sealed to lead the water away from the roof joints. 


Flashing is commonly used around chimneys and dorm- 
ers. When it is used around chimneys, its vertical surfaces 
are inserted into the chimney mortar joints and sealed. 


WINDOWS AND DOORS 





2. CHIMNEY 





| FIG. 23:58 FLASHING 
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6. JALOUSIE 


2. FIXED PICTURE WINDOW SSS 
|. DOUBLE, DOUBLE-HUNG WITH CASEMENT SIDELIGHTS 3. FIXED PICTURE WINDOW WITH 


4. DOUBLE AWNING 
DOUBLE-HUNG SIDE LIGHTS 


THE APEX OF EACH | 
PAIR OF BROKEN | 
LINES INDICATES | 
THE HINGED SIDE | 

OF EACH WINDOW. | 


| 5. TRIPLE COMBINATION 6. DOUBLE CASEMENT 7. DOUBLE SLIDING 
| FIG. 23:60 WINDOW ELEVATIONS 
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| window § 
SASH | 





1 FIG. 23:61 WINDOW ELEMENTS | | FIG. 23:62 DOOR ELEMENTS 


STAIRS 

When the run and the rise of a stair opening are known, the 
tread width and the rise of each step of the required stair 
can be determined by means of simple arithmetic. It must 
be remembered that the desired nosing overhang must 
always be added to the tread-run dimension in order to 
obtain the tread width. 


TREAD WIDTH | 
225 TO 260 mm | 


NOSING OVERHANG : 
I2 TO 25 mm 






TREAD RUN & 





| FIG. 23:63 STAIR PARTS | A FIG. 23:64 STAIR TERMS 


Building Materials 





CEMENT 
The cement that is most commonly used nowadays is 
known as Portland cement. In 1824, an English mason, 


Al3 





Joseph Aspdin, burned limestone and clay together and 
then ground them into a very fine powder. When the 
powder was mixed with water and allowed to dry, it 
became as hard as stone. He called the powder Portland 
cement because the hardened mixture resembled the natu- 
ral stone found on the Isle of Portland, off the south coast of 
England. | 

Portland cement is the ingredient that cements, or binds 
together, the sand and gravel in mixtures of mortar or con- 
crete. 


CONCRETE 

Concrete is a mixture of Portland cement, sand, gravel, and 
water. To be effective and to produce the desired strength, 
concrete must be mixed correctly. A |:2:4 concrete mix Is 
composed of one part Portland cement, two parts sand, 
and four parts gravel, by volume. Water is added to the 
mixture to make It workable. 

Concrete reaches its minimum working strength in 
approximately seven days. After twenty-eight days most 
types of concrete have reached their maximum working 
strength. 


MORTAR 
Mortar is a mixture of lime, sand, and water. When extra 
strength is required, Portland cement is added. Portland 
cement also makes the mortar harder and more water- 
resistant. 


GRAVEL AND CRUSHED STONE 
Gravel consists of the small, smooth stones that have been 
formed by glacial action and that are found on many 
beaches and in gravel pits. Crushed stone is made mechan- 
ically by crushing large stones into small pieces. 

Gravel and crushed stone are used as the coarse aggre- 
gate (bulk) in mixtures of concrete and are specified in 
terms of their screening sizes (10 mm, 20 mm, etc.). 


CONCRETE BLOCKS 

Concrete blocks are precast masonry units used to form 
exterior and interior walls of buildings. Concrete blocks 
save time and expense in the erection of walls because 
they eliminate the need for the forms required when con- 
crete walls are poured. Concrete block walls are not as 
strong aS poured concrete walls, nor are they as water- 
proof. 


Aig 








STANDARD 2-CORE | 


STANDARD 3-CORE_ | 


SINGLE CORNER 


DOUBLE-CORNER 


INO 


ee 


BULLNOSE 


| FIG. 23:65 TYPICAL CONCRETE BLOCKS 


|. LAYING COURSES OF CONCRETE BLOCKS 2. THE TOP COURSE MUST BE SOLID OR FILLED 
WITH CEMENT TO DISTRIBUTE WALL LOADS 
FIG. 23:66 EVENLY. 





BRICKS 

The most commonly used bricks are burnt clay bricks. They 
are made of mixtures of clay, shale, and sand, to which 
calcium, lime, or iron oxide is added to obtain the desired 
color. Cement bricks are also available. 

In the manufacture of bricks, the dry ingredients are 
diluted with water to form a thick, workable mixture and the 
bricks are pressed into shape or cut to shape by wires. They 
are then dried to remove all moisture and burnt to make 
them hard and strong. The burning is done in a kiln. 

Each row of bricks or blocks laid horizontally is called a 
course. A course of bricks in which each brick is laid on its 

end is called a soldier course. A course of masonry includes 
the mortar joint.. 
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COMMON BOND. USED FORSOLID = 2. FLEMISH BOND. HEADERS SPACED 3. RUNNING PATTERN. NO HEADERS. USED FOR 
BRICK|WALLS. NOTE THAT IN EVERY AS SHOWN.\USED FOR SOLID BRICK BRICK VENEER WALLS. 

SIXTH ROW THE 'BRICKS ARE LAID WALLS. 
WITH THEIR ENDS FACINGIOUT. 


| THESE ARE CALLED HEADERS. 





FIG. 23:67 BRICK PATTERNS 
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ANTIQUE SPLITFACE 





RUG SMOOTH WIRECUT | 
i FIG. 23:69 MORTAR JOINTS 





| FIG. 23:68 CLAY BRICKS 





STRUCTURAL LUMBER 

Lumber that is used as supporting members in building 
construction or lumber to which finishing materials are 
attached is called structural lumber. Even though structural 
lumber is dressed (planed smooth), it is referred to as rough 
lumber. 


FINISHING LUMBER 

Any wood that is to be painted, stained, or otherwise decor- 
atively treated is called finished lumber. Narrow finished 
lumber used around such features as door and window 
openings Is called trim. 





l. Explain each of the following building 4. Define each of the following 
terms: (a) subfloor 
(a) backfill (b) stud 
(b) waterproofing compound (c) bridging 
(c) cove (d) header (frame construction) 
(d) foundation (e) top plate 
(e) parging (f) sill plate 


(f) damp course 


. Name five parts of a frame building and 
explain what each of them means or 
refers to. 


5. Why is drywall construction cheaper than 


plastering? 


6. What would be the result if vapor barriers 


were not used in building construction? 


3. What purpose does each of the following 7. Why is it necessary to install flashing? 


serve? 
(a) joist 8. State the ways in which double-hung and 
(b) ridge board casement windows differ. 

(c) rafter 9. Determine the tread width and the rise of 
(d) truss each step of the stairs in Figure 23:64. 


(e) sill-plate anchor bolt Assume that the rise and the run of the 


(f) lath 
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stair opening are 3000 mm and 3150 mm Rise = 210 mm 


respectively, and that the desired nosing Total number of steps = |4 

overhang is 15 mm. Il. Why is gravel or crushed stone used in 
lo. Determine the rise and the run of a set of concrete mixes? 

sheen if each step has the following 12. Suggest why concrete block walls are 

specitications. not as waterproof as poured concrete 

Tread width = 260 mm walle. 


Nosing overhang = 20 mm 
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Architectural Drawing Details 





SECTIONING-SYMBOLS 


|. BRICK 2. CONCRETE 3. CONCRETE BLOCK 
THIN BLACK LINES DRAWN AT 45° DRAWN FREEHAND. THE TRIANGLES SAME AS CONCRETE EXCEPT FOR 
AND SPACED BY EYE ABOUT 5 mm REPRESENT THE GRAVEL. DO NOT THIN BLACK LINES' DRAWN AT 
APART. USE TOO MANY TRIANGLES OR 45° AND SPACED BY EYE ABOUT 
MAKE THEM TOO LARGE. THE DOTS 8 TO 10 mm APART. MORTAR 
REPRESENT THE SAND. JOINTS ARE SHOWN IN WALL 


Oen 
2D 








6. EARTH AND BACKFILL 


| WITH GRAIN DRAWN FREEHAND 


SOS 





4. WOOD 5. WOOD 
THIN BLACK LINES. USED FOR DRAWN FREEHAND. USED FOR 
ROUGH LUMBER ONLY, END GRAIN. FINISHED LUMBER ONLY. 


CEILING 


, FIG. 23:70 7. INSULATION - DRAWN FREEHAND 





Break lines are used on architectural drawings to break off | ces 

joists or walls that do not have to be shown for their com- | \ 

plete length or height. Break lines are drawn thin and black. ——+ - 
The breaks are drawn freehand. The number of breaks used sf 

depends on the length of the break line. In Figure 23:72 and | f 


Figure 23:73 examples of the use of break lines can be 
seen. 





| FIG. 23:71 — 
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PROFILE LINE 

To emphasize the sectioned areas of an architectural detail, 
an extra-thick black line is often used to outline the parts 
through which the cutting-plane line passes. This line is 
called a profile line. Refer to Figure 23:72. 


LEADERS AND NOTES 
Notes at the end of leaders should be aligned in groups with 
a common left-hand margin. This makes a drawing much 
easier to read, particularly if there are many notes involved. 
The beginning of a leader should centre on the first line of 
a note. An arrowhead or a dot can be used at the end of a 
leader, depending on the location of the item being identi- 
fied. 
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BACKFILL 
250 CONCRETE 


BLOCK WALL é PARGING — 2 COATS 
I! BLOCKS HIGH CA. j WATERPROOF 
\ | TO GRADE LEVEL 


DAMP COURSE 
' l00 CONCRETE SLAB 


| 150 OF GRAVEL 


SRS 


WEEPING TILE 


| FIG, 23:73 


DIMENSIONS AND DIMENSION LINES 

Dimension figures are placed above the dimension line and 
lettered parallel to it. Arrowheads, half-arrowheads, or dots 
can be used with dimension lines. They should not be inter- 
mixed on the same drawing or set of drawings. 


UNITS OF MEASUREMENT 

The metric unit of measurement used on house plans is the 
millimetre. Refer to Figures 23:2, 23:3, and 23:4 on pages 
379, 380, and 381. Metres are the unit of measurement 
used on site plans and on presentation plans. 


Metric architectural working-drawings should display the 
word METRIC in large letters as well as the following 
note: 


DIMENSIONS AND SIZES ARE IN MILLIMETRES 
UNLESS OTHERWISE INDICATED. 
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| FIG. 23:72 USE OF A PROFILE LINE | 


2. VERTICAL 


|. HORIZONTAL 





| FIG. 23:74 


| ARCHITECTURAL DRAWING PROBLEM 







INTERIOR DOOR HEAD 
SCALE 1:2 





lO DRYWALL 


20 x |00 TRIM 


HEADER 
2- 45x90 


20 x 135 FINISH 
FRAME TO BE 
PLUMB AND LEVEL 


lO x 35 DOOR STOP 


35 BIRCH SLAB DOOR 
(3 VENEER) 


SECTION A-A 





ROUNDS R6 
INTERIOR DOOR TRIM DETAIL DOOR STOP DETAIL 


| Instructions 2. Letter the following notes on the drawing: 











| 1. Draw a section through the interior door All trim to be clear white pine. 

| head. Identify all details indicated. Do not Dimensions and sizes are in millimetres 
show any dimensions. ee In unless otherwise indicated. 
enGC NETS ROTO Pe uOn NOD INs ee 3. Letter METRIC 9 mm high ina suitable 
Graig: location 
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SEE OPPOSITE PAGE FOR 
INSTRUCTIONS AND DETAILS. | 





DOUBLE HEADER OVER 
WINDOW OPENING 






BRICK VENEER 
EXTERIOR WALL 










45 x 250 JOISTS ON 
METAL JOIST HANGERS 
OVER WINDOW OPENING 





NO. 600/SV WINDOW 
ASSEMBLY INSTALLED 
ACCORDING TO MANUFACTURER'S 
INSTRUCTIONS 


75x75 x6 ANGLE 
IRON LINTEL 


WATERPROOF CAULKING 
ALL AROUND 


MOULDED VINYL CHANNEL 


SEALED INSULATING GLASS 
UNIT (‘U’ VALUE 0.55) 


PARGING AROUND 
WINDOW OPENING 


LEDGE FOR REMOVABLE 
ALUMINUM MESH SCREEN 


MOULDED VINYL INTERLOCKING 
WEATHERSTRIPPING BETWEEN 
EACH SASH 


SLIDING DOUBLE-GLAZED 
REMOVABLE WOODEN SASH 


FIXED DOUBLE-GLAZED 
WOODEN SASH 
MOULDED VINYL TRACK 


CEMENT WASH 


6 THICK MORTAR BED 
PARGING 


250 CONC. BLOCK WALL 


BASEMENT WINDOW DETAIL 
SCALE 1:3 


420 


/- EDGES 




















a1 | 2 UPPER AND LOWER WINDOW 
FRAME DETAILS 
SLIDING SASH DETAIL SCALE |:| 
SCALE |:1 
| Instructions 3. Only those notes and sizes provided on 
| 1. Draw a vertical section of the Basement page 420 are to be shown on the finished 
Window on the opposite page. Refer to drawing. 


the brick veneer wall section on pages 


| 422 and 423 for wall details not provided. an 
| 2. Fixed and sliding sash details are identical. Bee eer ee ele ai OE enOWer 


There is a9 mm space above the sliding GE eOme lr 
sash to enable it to be removed. 6. Add the following note: 
: Dimensions and sizes are in millimetres 
unless otherwise indicated. 


4. Section all components as required. 
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422 


BRICK VENEER WALL SECTION 
SCALE 1:20 


90 x 90 TOP PLATE 
ASPHALT SHINGLES ON 0 x OP PL 






als 20 x 95 FASCIA BOARD 
45 x 90 RAFTERS rc 
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dy 
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Pip 6 FIR PLYWOOD SOFFIT 
l40 THICK INSULATION “GIL 
BETWEEN CEILING JOISTS Z < . 20 QUARTER ROUND 
45 x 140 JOISTS BIN 
GIN 20 x 75 TRIM 
AR 
INSULATION BETWEEN Z N 
45 x 90 STUDS ¥ N 
IO DRYWALL OVER GIN 
PLASTIC VAPOR BARRIER Z| N 
WALLS AND CEILINGS GIN 
DETAIL “A” | N 
AN 
10 x 95 PINE BASEBOARD AN 
CHIN 
20 OAK QUARTER ROUND SIN 
TIN 
IAIN 
IO QUARTER-CUT Zilles GRADE 
OAK FLOORING Dy. ( Re 
Is FIR PLYWOOD SUB-FLOORING NN 
45 x 250 JOISTS CNS 
AND HEADERS oy 






2 Y/ 


45 x 140 SILL PLATE - O16 x 300 LG. 
ANCHOR BOLTS PLACED AT 

1000 O.C. MAX. DAMP 

COURSE UNDER SILL PLATE 

265 POURED CONC ce Pe 
WALL - 2400 HIGH FROM hogtet io ee 
FOOTING 


2 COATS OF WATERPROOFING 
TO GRADE LEVEL 


BACKFILL - TAMP 
EVERY 0.5 m 


20 x 90 EXPANSION STRIP BLACK PERFORATED WEEPING 


TILE IN 300 MIN. DEPTH 
OF GRAVEL 


90 CONCRETE FLOOR 





PLASTIC VAPOR BARRIER 900 


OVER 50 THICK SM STYROFOAM. 
l00 GRAVEL 


I50 THICK x 450 WIDE 
POURED CONCRETE FOOTING 


SEE OPPOSITE PAGE FOR 
INSTRUCTIONS AND DETAILS. | 


20 x 75 CLEAT 


20 NAILING STRIP 


at 1 | 
a 3 


RAFTER DETAIL 


AVAVAVAVAVAND => // 





be, 


1 


SOFFIT DETAIL 





FOOTING KEY DETAIL 


90 BRICK VENEER WALL 
ON METAL WALL TIES 


AIR SPACE 


25 SM STYROFOAM SHEATHING 
COVERED WITH BUILDING 
PAPER 


METRIC 





DETAIL ‘A’ 


SUGGESTED P2 SHEET LAYOUT 
| instructions : 
| 1. Prepare a working drawing of the wall sec- 2. Letter the following note in a suitable loca- | 
| tion. Identify all details and components. tion: | 
Show dimensions given except those with 
an asterisk. Weeping tiles are [50 O.D. 
Sub-floor to ceiling joists is 2.5 m. Use for 
drawing purposes only. 


Dimensions and sizes are in millimetres 
unless otherwise indicated. 
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PIPING DIAGRAM 
RESIDENTIAL WATER SOFTENER AND HOT 
WATER TANK 
NO SCALE 








90° ELBOWS 















COLD WATER - HARD —o= | 





m GLOBE VALVES 


HOT WATER - SOFT —e= 








GOLD WATER - SOFT | 
/ SOFTENER BY-PASS as : 


<oauih 
5. | —_ ) 


WATER HOT WATER 
SOFTENER TAN 


fe ico} ; 
METER | — ALTERNATIVE - GARDEN HOSE 
| 936 
we /NEET FLOOR DRAIN | 
H) f} 





106 


j STRAIGHT TEES 
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| PIPING DIAGRAM - RESIDENTIAL WATER SOFTENER AND HOT WATER TANK - NO SCALE 






() COUPLINGS 








SUGGESTED P3 SHEET LAYOUT 





SINGLE-LINE SYMBOLS 
SOLDER-TYPE PIPE FITTINGS 











| Instructions 
| i. On a PS sheet, prepare a single-line piping 
| diagram for the softener and hot water 


(b) List several advantages provided by a 
water softener. 














tank. Draw the necessary symbols for the (c) What plumbing fixtures in the house 
solder-type pipe fittings in the required would be connected to the soft water 
locations, including a coupling near the lines? 
end of each line. Use your judgment (d) What areas of the house would 
regarding any sizes not provided. Symbols receive hard water when the softener 
| are shown on the right. is in operation? 
2. Label the diagram as indicated. Number (e) List the number of valves that would 
| _ the valves as indicated. Do not show any have to be opened or closed if the sof- | 
| dimensions. tener had to be removed for repairs. | 
| 3. Answer the following questions when the (f) List the numbers of the valves that 
| piping diagram has been completed. Do would have to be opened or closed if 
some preliminary research regarding the the hot water tank had to be replaced. 






operation and advantages of a water sof- 






(g) List the numbers of the valves that are | 







pels . open or closed during the normal oper- | 
(a) Briefly explain how a water softener ation of the softener and the hot water | 
works. tank. 
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SCHEMATIC DIAGRAM 
SINGLE-POLE AND THREE-WAY SWITCHES 
NO SCALE 











WHITE BLACK 
SOURCE 
SCHEMATIC DIAGRAM - SINGLE-POLE AND THREE-WAY SWITCHES 

















SUGGESTED P3 SHEET LAYOUT 











SINGLE-POLE SWITCH CIRCUIT 


WHITE 


THREE-WAY SWITCH CIRCUIT 


WHITE 





WHITE 





WHITE 






MARR sf 
CONNECTION 









ALY. KAKA OS 
fo. 
‘ RED 
RED 
J 













= BLACK (aO\, p= 
BSI LOOMEX opel ‘ 
eS CABLE | = g 
RECEPTA SOURCE 
ake ; SOURCE 






| Instructions | | _ rent to the fixtures, etc. ? 
| 1. Above are two-dimensional artistic draw- (e) What two purposes do Marr connec- 








ings and single-line schematics of two tors serve? 
lighting circuits. The left one shows a sin- (f) What is Loomex cable? 
gle-pole switch (S) controlling a single light (g) What is the purpose of the white wires?} 






fixture. It also includes a duplex recepta- 
cle. The right one shows two three-way 
switches (Ss) controlling a single light fix- 
ture. It also includes a duplex receptacle. 
In the single-line schematics black dots 
represent Marr connections. 





3. Prepare a schematic similar to the one on 
the left. Assume that the circuit will con- 
trol two light fixtures in a house. Replace 
the single-pole switch with two three-way 
switches. Add two extra duplex outlets. 

| 2. Answer the following questions in prepa- Ae eee. a pth is Fas ven pee | 

| ration for the drawing problem. ay CU iS! De Conv oene aegis 

What do th | f > switch. Each duplex receptacle must have | 

(a) ae oe eee a a black and a white wire. Refer to the elec- | 

(b) at purpose sy dg and trical symbols on page 427. | 

eae SWIG i eekly 4. Use your judgment concerning the loca- | 

(c) Do the schematic diagrams show the tion of elements of the diagram in the sug- | 

light fixtures as being on or off? gested layout for which no dimensions | 
(dq) Which wires carry the electrical cur- have been provided. 
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MAIN FLOOR WIRING PLAN 
SCALE 1:50 


SEE OPPOSITE PAGE FOR 
INSTRUCTIONS AND DETAILS. | 
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ELECTRICAL SYMBOLS 






FOR USE WITH PROBLEM ON OPPOSITE PAGE 













CEILING OUTLET (7) -C) CLOCK OUTLET (7) ES R STOVE RECEPTACLE (5) 
WALL OUTLET (7) cH) CHIMES (7) @ dw _DisHwasuer (6) 


FAN (7) 





TELEPHONE (5 x 2) 


<< [_..] FLUORESCENT 
| FIXTURE (2 WIDE) 
TV OUTLET (6 x 6) GARAGE DOOR OPENER (20 x 6) he ine 


2HAOO°O 


DUPLEX 
4 
PUSH BUTTON (4 x 4) FS RECEPTACLE (5) S SINGLE-POLE SWITCH 






4 
RECESSED WEATHERPROOF 
10} OUTLET (II x Il) (7) ES we RECEPTACLE (5) S3_ THREE-WAY SWITCH 












| Instructions: a - 7 | controlled by the single-pole switch on the | 
|. Complete the main floor wiring plan ona right wall of the rear entrance hallway. | 
P2 sheet. Connections in the dining room Foyer 


and living room have been completed to The ceiling outlet is operated by the centre | 
serve as examples. Stair treads are 5 mm. single-pole switch on the left wall. The 2 


leap shi a hee io three-way switch operates the landing 
poses only. Except Tor duplex receptacle outlet and a second-floor outlet. The left 


heights, - Uk seth all : single-pole switch on the front wall con- | 
pies Oe TINS Ned Crewing: He nuMmver trols the recessed outlets in the front over- | 


at each door and window opening is the hang and the exterior outlet by the garage 
opening size. Use your judgment in the door. The centre single-pole switch con- 

| Case of sizes that are not provided. trols the duplex receptacle in the front 

| 2. Use the electrical symbols provided. The overhang. The right single-pole switch 

| sizes are in brackets. Connect all devices, controls the veranda outlet. 

as required, with straight thin black lines. 
None should cross. 












Rear Entrance Hallway 
The ceiling outlets are controlled by the 
















Dining Room and Living Room three-way switch closest to them. The 
Complete these as shown. upper-left single-pole switch controls the 
Kitchen rear overhang outlets. 

The upper-left single-pole switch controls Garage 

the recessed outlets along the window The ceiling outlets are operated by the 
wall. The switch below it operates the lower-right three-way switch in the rear 
other recessed outlets. The ceiling outlet entrance hallway and the one inside the 
is operated by the three-way switch by the garage. The push button operates the 
telephone and the right three-way switch electric door opener. 

on the lower wall. The other three-way 3. Letter METRIC 9 mm high and the fol 






switch operates two basement lights. 






lowing note in suitable locations. 
Family Room Dimensions and sizes are in millimetres 
The receptacle on the rear closet wall is unless otherwise indicated. 
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eg pe ee 
=< PRESENTATIO 
BRICK VENEER BUNGALOW 
SCALE 1|:100 











| Instructions 

| |. Prepare a presentation plan of the brick 
veneer bungalow with a double garage as 
shown on the floor plan. Refer to the sug- 
gested sheet layout and the single garage 
perspective. Note addition of window in 
garage. See opposite page. 


| 2. Floor Plan Drawing Details. Sizes are in 
millimetres. 


(a) outside walls —250 thick 
major interior walls — 125 thick 
minor interior walls — 100 thick 
rear hall width— 1000 
main hall width — 1000 
clothes closets —650 deep 
broom closet —500 wide 
bath tub width — 700 
garage door —2200 x 5100 
stair treads —250 
front and rear doors—900 x 2200 
interior doors —850 


















and an entrance to the living room- 






Locate sink, refrigerator, and stove. 
There is no eating area in the kitchen. 
Centre fireplace on the living room 
wall. 

(c) Estimate size details not specifically 
provided. 
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(b) Provide vestibule with a clothes closet 


dining area. Layout kitchen cupboards. 
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N PLAN NO. | 





(d) Show all dimensions except those 
with an asterisk. Label each area with 
its name and dimensions. Identify the | 
floor plan and show the Tloor area note | 
as indicated. 

Show front and rear entrance arrows 
as well as stair arrow. 


3. Front Elevation Drawing Details: 


Project the necessary elements of the 
floor plan to the elevation. Lightly draw the | 
height levels shown on the suggested | 
sheet layout. These are used only to 
obtain overhang, roof peak, and chimney 
heights in the elevation and are to be 
erased later. 

Refer to the perspective and use it as a 
guide to detail the elevation regarding 
brick, shading, chimneys, windows, etc. 
Windows are on the same level as top of 
front door. 


4. Title the plan as suggested on the sheet 
layout. Major title should be slightly larger 
than the balance of lettering. Black in the 
walls of the floor plan as shown. 


5. Letter METRIC 9 mmhighinthe upper- | 
left corner. Letter the following note about | 
25 mm below tt: | 
Dimensions and sizes are in millimetres | 
unless otherwise indicated. : 
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PRESENTATION PLAN NO. 2 











BRICK VENEER STOREY-AND-A-HALF 





| Instructions 

| |. Prepare a presentation plan of the storey- 
| and-a-half dwelling. Begin by redesigning 
the main floor to eliminate the need to 
walk through the living room to reach the 
front door. Do this by interchanging the 
kitchen and the bedroom and by reversing 
the bathroom and the stairs. All sizes to 
remain as is. See opposite page. 


._ Floor design and drawing details. Sizes are 


in millimetres. 

(a) Provide a hall, about 1450 wide, from 
the kitchen to the front door. Include a 
closet to the left of the front door and 
an entrance to the living room. 

(b) Rearrange the kitchen layout. Centre 
the former bedroom window on the 
rear wall. Relocate the rear hall en- 
trance to the living room. 

(c) Provide a closet for the bedroom. This 
should project into the living room to 
maximize the bedroom floor area. 

(d) Provide a double garage with a door in 
the rear wall. 


. Second Floor Design and Drawing Details. 

Sizes are in millimetres. 

(a) Reverse the second floor plan to suit 
the new main floor layout. Leave the 
bedroom windows as Is. 
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(b) Usethefollowingsizes: 





all walls — 125 thick 

hall— {1000 wide 

right B.R. closet—950 wide 
stairs — 1000 wide 


4. Front Elevation Drawing Details: 


Refer to the suggested layout, the single- 
garage perspective, and the instructions 
outlined in item 3 of Presentation Plan 
No. |. 


Sizes outlined for Presentation Plan No. [, 


on pages 428 and 429, item 2(a), apply to 
the storey-and-a-half dwelling, unless it is 
stated otherwise in these instructions. 
Estimate all sizes not specifically indi- 


cated. 
. Show all dimensions not provided with an 


asterisk. Identify each area with its name 
and dimensions. Identify each floor level. 
Show the floor area note as indicated. 


. Title the presentation plan as outlined for 


Presentation Plan No. |, item 4. Show the 
title information in the area to the left of 
the front elevation. 


. Letter METRIC 9 mm high in the upper- 


left corner. Letter the following note about | 
25 mm below it. 


Dimensions and sizes are in millimetres 


unless otherwise indicated. | 
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Students who have acquired a basic training in the funda- 
mentals of technical drawing can select possible career 
opportunities from a wide variety of occupations, depend- 
ing on their interests and abilities. This chapter explores the 
employment opportunities that exist in various areas of 
drafting specialization. It also examines the skills and atti- 
tudes that a draftsperson needs to achieve success. 


UNIT | 


The term “‘draftsperson” is applied to any individual who is 

trained in the principles of technical drawing and whose 

area of drafting specialization involves one of the following 

kinds of work: 

|. The preparation of working-drawings (plans) that are 
used for manufacturing or construction purposes. 

2. The preparation of technical illustrations, maps, survey 
plans, or any drawings of a similar nature that are used for 
purposes other than construction or manufacturing. 


several of the most common areas of drafting specialization 

are listed below: 

Machine: Machines and mechanical equipment of all kinds 

Architectural: Houses and other buildings 

Civil: Roads, bridges, dams, filtration plants, sanitation sys- 
tems 

Tool design: Special tools and equipment required for 
manufacturing and mass-production purposes 

Sheet Metal: Duct systems for heating and air conditioning 

Pressure Vessel: Storage tanks and systems for gases and 
liquids 

Structural: Steel supporting framework of buildings and 
other structures 

Piping: Piping systems for gases and liquids 

Electrical: Motors, generators, transformers, wiring 
diagrams, and printed circuits 

Survey: Land survey plans and land development plans for 
commercial and residential property 
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Cartography: Maps, including aerial surveys and oceanog- 
raphy 

Patent: A special field of technical drawing that deals with 
the preparation of plans that must be submitted with 


applications for patents 

Technical Illustrating: A type of artistic drawing that 
involves the preparation of pictorial drawings of technical 
equipment, products, and structures 


Nature of the Work 


Engineering draftsmen and draftswomen are employed by 
companies that are engaged in manufacturing and con- 
struction. The work of engineering draftspersons falls into 
two basic categories—designing and drawing. Designing 
involves the practical development of ideas by means of 
mathematical and scientific reasoning. It requires a knowl- 
edge of mechanical, electrical, chemical, and hydraulic prin- 
ciples, as well as creative ability. When a design has been 
developed, the shape and specifications of the equipment 
or structures concerned are recorded on paper in the form 
of working-drawings. Such drawings are commonly known 
as engineering drawings. These are used as guides to build, 
manufacture, or erect the structure or device that has been 
developed. 

In those areas of drafting specialization not directly 
involved with manufacturing or construction, it is usually 
drawing skills rather than designing skills that are most 
widely used. In these areas, draftspersons devote their full 
time to the preparation of drawings of a non-engineering 





FIG. 24:1 CARTOGRAPHY IS A VERY SPECIALIZED FORM OF DRAFTING THAT 
REQUIRES SPECIAL SKILLS AND KNOWLEDGE. 
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nature. Here, drawing skills that have been acquired as a 
result of special training and natural abilities are utilized. 


Requirements for Success 


In Canada, drafting is a semi-professional occupation rather 
than a trade. As such, apprenticeship training Is not officially 
required as part of the preparation for entry into this field of 
work. Most companies, however, provide in-service train- 
ing programs. 

All draftspersons should have a good general education. 
For those who wish to advance to senior positions, it is also 
essential to show initiative, to be adaptable, to be able to 
work with a minimum of supervision, and to be able to 
express oneself clearly both orally and in writing. Senior 
draftspersons, particularly designers, must also have a 
good grasp of mathematics and scientific principles. 

Most drafting requires a high degree of three-dimen- 
sional visualizing ability; that is, a person must be able to 
look at the two-dimensional views of objects and mentally 
picture their three-dimensional shapes and vice versa. In 
addition, draftspersons must be neat, orderly, and thorough 
in their work habits. Other factors that play an important 
part in a person’s success as a draftsperson are those that 
are basic to most occupations: the ability to get along with 
people, a mature attitude, the ability to interpret and follow 
instructions accurately and completely, and an interest in 
one’s work. 


Preparation 


Today, anyone who is thinking about drafting as a career is 
confronted with the need to obtain higher standards of 
educational training than were previously required. At one 
time a secondary-school education was considered the 
acceptable minimum for entry into any field of drafting. This 
is no longer true. Persons considering career possibilities in 
drafting must realize that many employers require comple- 
tion of the two-year drafting courses offered by most com- 
munity colleges as the minimum level of formal education 
and training. Because of the increasing demands of industry 
for technologically competent personnel, students are 
urged to seriously consider taking one of the three-year 
engineering technology courses offered by many commu- 
nity colleges. | 

In addition to mathematics, science, and language arts, 
students are strongly advised to take electrical and machine 
shop courses as part of their secondary-school program of 
study. Such courses provide exploratory experiences that 
will help students make suitable choices regarding post- 
secondary education and training. 
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Technologists and Technicians 





During recent years, industry has begun to certify its non- 
professional technical personnel, including draftspersons. 
The three recognized levels of certification are: 
|. Engineering Technologist 
2. Senior Engineering Technician 
3. Engineering Technician 

The certification of technologists and technicians is han- 
dled by provincial associations. In Ontario, for example, it is 
the Ontario Association of Certified Engineering Techni- 
cians and Technologists. Details concerning certification 
can be obtained from secondary-school guidance counsel- 
lors, community colleges, and the provincial certification 
associations. 





FIG. 24:2. CERTIFIED TECHNOLOGISTS AND TECHNICIANS ARE IMPORTANT 
: MEMBERS OF THE ENGINEERING TEAM. 


Professional Engineer 





Many designers are professional engineers who have grad- 
uated from recognized university engineering courses. 
However, it is possible to qualify as a professional engineer 
without attending university. Engineering draftspersons 
who have graduated from the three-year community col- 
lege courses in engineering technology and who have the 
necessary industrial experience can apply for acceptance as 
professional engineers. The association of professional 
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engineers within each province determines whether a per- 
son has sufficient qualifications to be granted the status of 
professional engineer. Information concerning require- 
ments and application procedure is available from your pro- 
vincial engineering association. In Ontario, for example, it is 
the Professional Engineers of Ontario to whom one should 


apply. 


Employ Outlook 





lt is expected that employment opportunities will continue 
to be good in most fields of drafting. However, the competi- 
tion for jobs will increase as Canada adjusts to the challenge 
of the computer age. There is a marked tendency now for 
industry to hire people who can become productive in the 
shortest possible time. This simply confirms the need for 
students to acquire as much formal education and training 
-as they can in order to meet the growing demands of the 
labor market. 

As in other areas of industry, automated techniques are 
being used in many drafting offices to eliminate time- 
consuming procedures. Most routine drawing, dimension- 
ing, and lettering, which used to be done manually, are now 
frequently carried out electronically by computers. Although 
there will always be a need for trained, competent drafting 
personnel, electro-mechanical devices will undoubtedly be 
used more extensively to reduce the many repetitive tasks 
that account for a large percentage of a draftperson’s time. 





FIG. 24:3 ELECTRO-MECHANICAL EQUIPMENT WILL ENABLE DRAFTING 
TECHNOLOGISTS AND TECHNICIANS TO DEVOTE MORE TIME TO THE 
CREATIVE ASPECTS OF THEIR WORK. 
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Technical drawing is the universal method by which indus- 





try records and communicates technical information. As 
such, a knowledge of technical drawing principles and the 
ability to read technical drawings are required by workers in 


many different technical 


occupations. 


These 


include 


machinists, toolmakers, millwrights, engineers, construc- 
tion superintendents, welders, architects, and electricians. 
Another advantage that drafting training and experience 
provides, and one that students frequently overlook, is the 
fact that it can be an excellent and convenient stepping- 
stone to many other interesting and well-paying occupa- 
tions in the fields of engineering, manufacturing, and con- 
struction. Such jobs may be in purchasing, sales, estimat- 
ing, production, or quality control. 


The Future 





All areas of technology—mechanical, electrical, and chemi- 
cal—are playing increasingly important roles in the modern 
world. Most people, during their working years, will be 
involved either directly or indirectly in careers that require 
them to possess some degree of training or understanding 
in these technological areas. 
Students should recognize this fact as early as possible 
and begin to select courses—academic, business, and 
technical—that will give them the necessary experience to 
plan careers that meet the growing technological demands 
of business and industry. 


_REVIEW QUESTIONS 





. What type of drafting deals with bridges 


and roads? 


. For what type of equipment does a tool 


designer draw the plans? 


3. What is a cartographer? 
4, What special talent does a technical illus- 


trator need to have? 


. Suggest why a designer needs to have a 


knowledge of mathematics and scientific 
principles. 


. List four major qualifications that an 


engineering draftsperson must have in 
order to succeed as a designer. 


7.A machine draftsperson prepares engi- 


neering drawings. A survey draftsperson 
prepares drawings of a non-engineering 





nature. What basic difference ‘s there 
between these two areas of drafting spe- 
Clalization? 


. List four major personal qualities that a 


person should have in order to succeed in 
most occupations. Explain why each is 
important. 


. What courses are offered in your prov- 


ince at the post-secondary school level 
that prepare students for employment in 
one of the areas of drafting specializa- 
tion? 


. Suggest why it is necessary to have a 


knowledge of technical drawing princi- 
ples in order to prepare technical draw- 
ings with a computer. 
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Index 


abbreviations and symbols, see 
inside front cover 

absolute sizes, 266-8 

Acme screw thread, 793 
drawing an, 207-10 

across flats, 64 

aligned method of dimensioning, 
71 


aligned sectional views, 768 

allowance, 278-81 

aluminum, 740 

American National thread form, 
192 

angles 
dimensioning, 78-9, 241-2 
size of (scale drawings), 47 

annealing, 726 

architectural drawing, 378-478 
details, 477-18 
dimensioning, 478 
working-drawings, 378-82 

arc, 52 
dimensioning an, 87-8 
drawing an, 63-4 

arc welding, 292 

area of a circle, 52 

areas of drafting specialization, 
432-34 

arrowheads, 87 

artistic drawing, definition of, 7-2 

assembly working-drawings, 94, 
95, 201-6 
sectioned parts on, 254 

auxiliary views, 373-75 

axonometric projection, 353-62 


backfill, 407 
bathrooms, 404 
bedrooms, 400-07 
beam compass, 57 
bilateral method of tolerancing, 
27%, 276 
blanket tolerance note, 272 
blast furnace, 736 
blind-drilled hole, 775, 776 
blind-reamed hole, 777 
blueprints, 752, 753 
bolt circle, 47-8 
dimensioning a, 87 
bolt heads 
how to draw, 233, 234 
template, 234 
bolts, 223 
how they are made, 230 
bore, 48 
bore diameter, 48 
boring, 778 
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bosses, 733 

brass, 740 

brazing, 294-5 

braze welding, 295 

break lines, 477 

bricks, 475-76 

bridging, 409 
broken-out-sectional views, 777-2 
bronze, 740 

building materials, 473-76 
building terms, 405-73 
bungalow, 389-90 

Buttress screw thread, 793 


cabinet projection, 349 

cap screws, 224-7 

careers and opportunities in 
drafting, 432-7 
areas of specialization, 432-3 
employment outlook, 436 
nature of work, 433 
preparation, 434, 437 
professional engineer, 435-6 
related occupations, 437 
requirements for success, 434 
technologists and technicians, 
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casting, 101-07 

cast Iron, 737 

cavalier projection, 349, 350-3 

cement, 413-14 

centre lines, 47, 89 

chamfer, 724 

circle, 52 
calculations, 57-2 
template, 56 

circumference, 52 

circumscribed method of 
constructing hexagons and 
octagons, 65 

classes of fits of screw threads, 


clearance, see positive allowance 
clearance holes, 229 
cold forming, 770 
compass, 53-6, 57 
drawing circles with a, 55 
sharpening and adjusting a, 54-5 
computer drafting, 9-70 
concrete, 474 
blocks, 474,475 
cone, 323 
counterboring, 778-19 
countersinking, 727-2 
crest of a screw thread, 797 
critical dimensions, 273-8; 


crushed stone, 474 

curves, 335 

cutting-plane lines, 763-5 

cylinder, 323 

cylindrical grinding, 729 

cylindrical holes, 48 
dimensioning, 85, 87 

cylindrical objects 
centre lines, 47-8 
definition, 29 
dimensioning of, 85-90 
orthographic drawing of, 45-50 
positioning of views of, 46 
terms applicable to, 48 


damp course, 405 
degrees of a circle, 52 
design layout, 257-2 
detail dimensions, 72-3, 75, 76 
detail drawings, 380, 387 
detail working-drawings, 94, 95 
developments, 322-35 
parallel line, 325-7 
radial line, 327-32 
Straight line, 324-5 
triangulation, 333-4 
diameter, 52 
die casting, 704-05 
dies 
forging, 107, 108, 709 
stamping, 777, 172 
dimensioning 
angular features, 242 
architectural drawings, 478 
basic rules, 74-80 
chamfers, 124 
counterbored holes, 779 
countersunk holes, 722 
cylindrical objects, 85-90 
drilled holes, 776 
keyways and keyseats, 733 
knurling patterns, 724 
lines used in, 72-3 
non-cylindrical objects, 70-87 
reamed holes, 777 
screw threads, 204-05, 206 
semicylindrical exterior features, 
90 


steps in, 80-7, 89 
tapers, 243-5 
dimension lines, 73, 89, 81, 89 
on architectural drawings, 478 
dimensions 
staggered, 88 
types of, 73-8 
dining rooms, 407-02 
direct method of tolerancing, 276 


door elements, 473 
drilling, 774-76 
arywall, 477 


elevations, 380 

enlarged scales, 40-7 

erasers, 79-20 

erasing shield, 20 

extension lines, 73, 77, 89 
external screw threads, 793, 794 


ferrous metals, 735 
fillets, 62-3 
dimensioning, 87-8 
fillet welds, 298, 302-3, 308 
finishing lumber, 476 
finish marks, 734-9 
first-angle projection, 49-50, 96 - 
flange, 48 
diameter, 48 
thickness, 48 
flashing, 477-72 
floor plans, 379, 396-404 
bathroom, 404 
bedrooms, 400-07 
dining room, 407-02 
floor and wall areas, 397-8 
kitchen, 402-3 
living room, 398-400 
footings and foundation walls, 405 
forging, 707-09 
foundation, 405 
framing, 407 
freehand 
lettering, 23, 24-7 
sketches, 34-5 
French curve, 335 
frustum, 324 
full-sectional views, 756-9 
furring, 407 


gauge-line diameter, 243-5 
how to determine, 244-5 
how to dimension, 245 

geometric solids, 322-4 

gothic numerals, 23, 24 

gravel, 474 

grinding, 729 

groove welds, 297, 304-5, 308 

guide liner, 25 


half-sectional views, 766-7 
hand fitting, 266, 267 
hardening, 726 
headers, 409 
heat treating, 725-6 
helix, 789 
angle, 789, 190 
hexagon, constructing a regular, 
65 


hexagon cap screw, 224 
hidden lines, 33-4, 756 
horizontal milling, 727 
hot forming, 770 
house 
elements of planning a, 388-94 
location of, 388-9 
roofs, 394 
types, 389 


hub, 48 
diameter, 48 
length, 46 


inclined plane, 277-73 
of acylinder, 272 
of a screw thread, 272 
injection moulding, 705-07 
instruments, 77-20, 24, 25 
care and use of, 20 
interchangeable manufacture, 
264-6 
interference, see negative 
allowance 
internal screw threads, 797-8 
intersections, 336 
irregular curve, 335 
ISO Metric screw thread, 792 
isometric drawing, 354-62 
isometric ellipse template, 357-8 
ISO projection identity symbols, 96 


joints used in welding, 297 
joists, 408 


keys, 737 

keyseat, 730, 137, 132 133 
keyway, 730, 1317, 132, 133 
kitchens, 402-03 

knurling, 122-4 


lath, 470 
lathe, 98-707 
lead (screw thread), 790 
leaders, 85-6, 255, 478 

on architectural drawings, 478 
lead holders, 78 
lettering, 23-7 

device, 24 

freehand, 23, 24-7 

guide liner for, 25 

mechanical, 23, 24 
lines 

dimension, 73 

extension, 73 

hidden, 33-4 

phantom, 270 

section, 760 

used in technical drawing, 33 
linework, importance of, 755 
lintels, 409 
living rooms, 398-400 
location 

of a house, 388-9 

of welds, 307-02 
lumber, 476 


machine screws, 228 

machining, 97-107 

material specifications, 747 

maximum material condition size, 
273 

mechanical advantage, 277 
of a screw thread, 273 

mechanical drawing, definition of, 
7 


metric 
paper sizes, see page vill 


units of measurement, 80, 478 
milling, 727-8 
models, 386-7 
mortar, 474 


negative allowance, 280-7 
nominal sizes, 267, 270-1 
non-critical dimensions, 272 
non-cylindrical objects 
definition of, 29 
dimensioning of, 70-87 
steps in, 80-87 
orthographic drawing of, 29-34 
non-ferrous metals, 740 
notes on architectural drawings, 
418 
nuts, 223 
how to draw, 233,234 
how they are made, 237 
template, 234 


oblique drawing, 349-53 

octagon, constructing a regular, 65 

offset-sectional views, 763-5 

orthographic drawing, 29-34 
cylindrical objects, 45-50 
non-cylindrical objects, 29-34 

orthographic views, 4, 30-2 

overall dimensions, 72 

oxyacetylene welding, 297 


pads, 733 
parallel 
line developments, 325-7 
rule, 72 
parging, 406 
parts 
balloons, 255 
identification, 255 
list, 253-4 
pencil pointers, 78 
pencils 
mechanical, 78 
use of, 79 
wooden drawing, 77-78 
perspective drawing, 362-6 
phantom lines, 270 
pictorial 
drawing, 348-67 
representation of screw threads, 
198-99 
views, 4, 29 
pig iron, 135, 137 
pitch 
diameter, 7 90 
diameter line, 790-7 
of a screw thread 7 90-97 
of a weld, 303 
plug welds, 298, 305 
polygon, 64 
positive allowance, 278-9 
presentation drawings, 384-5 
primary 
auxiliary views, 375 
projection processes, 97-113 
prism, 323 
production materials, 97, 135, 147 
profile line, 478 
pyramid, 323 
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radial line development, 327-32 
radius, 52 

guide, 56 
rafter, 477 
reaming, 776-77 
reduced scales, 39-40 
reference 

information, 256 

line of standard welding symbol, 

300 

regular ploygons, 64 
removed-sectional views, 777 
renderings, 386 
reproduction of drawings, 157-5 
resistance welding, 293-4 
revolved-sectional views, 770 
ridge board, 477 
rolled screw threads, 7 94-6 
root 

trusses, 477 

types, 394 
root of thread, 797 
rounds, 62-3 

dimensioning, 87-8 


sand casting, 707-04 
scales, 75-76 
reduced and enlarged, 39-4] 
schematic representation of screw 
threads, 200-07 
screw thread fasteners, 323-34 
screw threads, 789-274 
classes of fits, 206 
coarse and fine, 203-04 
common forms of, 7 92-3 
definition of, 789 
dimensioning, 204-5, 206 
external, 793, 194 
inclined plane and, 277-13 
internal, 797-8 
left-hand, 792 
mechanical advantage of, 273 
multiple, 797-2 
representation on technical 
drawings, 798-270 
right-hand, 792 
single, 797 
terminology, 790-7 
thread proportions table, 203 
transmission of power by, 273 
use of, 274 
secondary 
auxiliary views, 375 
production processes, 97, 713- 
34 


sectional views, 756-72 
aligned-, 768 
broken-out-, 777-2 
cylindrical holes in, 760 
full-, 756-9 
half-, 766-7 
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offset-, 763-5 
removed-, 777 
revolved-, 170 
screw thread fasteners in, 299 
webs and spokes in, 767-2 
sectioned parts on assembly 
working-drawings, 254 
sectioning symbols in architectural 
_ drawing, 477 
section lines, 760 
semicylindrical exterior features, 
dimensioning, 90 
set 
screws, 228-9 
squares, 73 
sheathing, 470 
sill-plate anchors, 408 
simplified representatioin of screw 
threads, 207-02 
site plan, 382 
sizes of welds, specifying, 302-07 
size tolerancing, 264-82 
slot welds, 298, 306 
socket-head cap screws, 224-5 
socket screws, 226 
specifications, 383-4 
spokes in section, 767, 762 
spotfacing, 720 
split-level house, 393 
Square screw thread, 792 
staggered dimensions, 88 
stairs, 43 
stamping, 770-72 
standard 
parts, 232 
welding symbol, 299-308 
steel, 737-9 
storey-and-a-half house, 390-7 
straight line developments, 324-5 
structural lumber, 476 
studs, 227, 408 
surface grinding, 729 


tapers, 238-45 

definition, 238 

determining included angle, 
240-1 

determining sizes, 240 

determining total taper, 240 

dimensional elements, 239 

dimensioning, 243-5 

specifying angular dimensions, 
24 ]- 


standard machine, 240 
terminology, 238 
technical drawing 
areas of specialization, 94, 432-4 
as a language, 7 
definition, 2-4 
in industry, 8-9 
need for, 5-7 


technical illustrating, 348-67 
tempering, 126 
templates, 56 
isometric ellipse, 357-8 
welding symbol, 307 
third-angle projection, 48-9, 96 
thread-angle, 797 
through-drilled hole, 775, 7 16 
through-reamed hole, 177 
tolerance, 777, 270 
elements, 277 
tolerancing, 268-82 
basic principles of, 268-9 
blanket note, 272 
critical dimensions, 273-87 
methods of, 247-7 
non-critical demensions, 272 
other features of parts, 287-2 
triangulation developments, 333-4 
truncated geometric solids, 323-4 
T-square, 77-72 
twist drills, 774 
two-storey house, 392 


undercut, 725 

unidirectional method of 
dimensioning, 77-2 

unilateral method of toleranceing, 
274 

Unified screw thread, 792 

units of measurement, 80, 48 


vapor barrier, 470 
vellum, 757 
vertical milling, 728 


waterproofing, 407 

webs in section, 767, 762 

weeping tiles, 406 

weld-all-around element symbol, 
306-07 

weld element symbols, 300 
drawing, 308 

welding, 772, 173, 290-308 
afc, 292 
basic joints in, 297 
basic welds in, 297-8 
oxyacetylene, 290-7 
reasons for, 296 
resistance, 293-4 
standard symbol, 299-302 
symbols template, 307 

welds, specifying sizes of, 302-07 

whiteprints, 752-5 

width across flats, 64 

windows, 472, 413 

working-drawings, 94-5 
assembly, 94, 95, 257-5 
architectural, 378-82 
detail, 94, 95 


PREFABRICATED ROOF TRUSS 600 mm 0.C: MAX 
ROOF INSULATION 
LINTEL 







PREFABRICATED LADDER FRAME FOR VERGE 
OVERHANG TIED TO FIRST TRUSS AND 
* BEARING ON GABLE END UNIT 


PREFABRICATED GABLE END UNIT 


lh 
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PLY OR ALUMINUM SOFFIT 


19 mm FASCIA 
MOULDING 


GYPSUM BOARD INTERIOR FINISH: 


WALL SHEATHING (INSULATED IF REQUIRED) 


VAPOUR BARRIER 
38 x 140 mm STUDS AT 600 mm 0.C. MAX. 
INSULATION 


AIR SPACE BEHIND BRICK 
BRICK VENEER 


BUILDING PAPER — $3). rr 
VERTICAL WOOD OR ALUMINUM SIDING EXTERIOR FINISH , i | =—= 


FLASHING 


STEEL ANGLE LINTEL 
WINDOW FRAME 

38 x 140 mm SOLE PLATE 
SUBFLOOR 

DOUBLE 38 x 140 mm PLATES 
38 x 140 mm STUDS AT 600 mm 0.C. MAX. 
FLOOR FINISH ON UNDERLAY ; 
WEEP HOLES 

BRICK TIES 

FLASHING 


VERTICAL WOOD OR ALUMINUM SIDING EXTERIOR FINISH - 


LINTEL 

FINISHED GRADE 

CONCRETE CORBEL TO SUPPORT PILASTER 
GYPSUM BOARD INTERIOR FINISH 
VAPOUR BARRIER 

RIGID INSULATION IN TOP SECTION ONLY 
DAMPPROOFING TO GRADE 


200 mm POURED CONCRETE FOUNDATION WALL 


CRUSHED STONE 


WEEPING TILE 


_ 38 x 38 mm STRAPPING 
/ GYPSUM BOARD CEILING FINISH - 

CROSS BRIDGING 

FLOOR JOISTS 

STRINGER 

TREAD 

RISER 

HEADER 

75 mm CONCRETE FLOOR SLAB 

YD Pe: 

25 mm BLINDING OR GRANULAR FILL 


DETAILS OF HOUSE CONSTRUCTION 


COPYRIGHT © 


L Canada Mortgage Société canadienne 
-and Housing Corporation d’hypotheques et de logement 





ROOF SHEATHING TRIMMED FOR CONTINUOUS RIDGE VENTING 


38 x 38 mm SOFFIT BEARER 
TOP CHORD OF TRUSS EXTENDED TO SUPPORT FASCIA 
PLY OR ALUMINUM SOFFIT WITH CONTINUOUS VENTING 
19 mm FASCIA ON 38 x 89 mm BACKING 
ROOF SHEATHING 


RIDGE 
































VLU VEE 


“TODA MU 342 


BEDROOM 


LAUNDRY FUTURE . 
UTILITY WASHROOM STORAGE 


FUTURE: 
BEDROOM 


BEDROOM 





UPPER FLOOR PLAN 


LIVING ROOM 





ASPHALT SHINGLES 
EAVE PROTECTION 
LINTEL 


FLASHING 
WINDOW. FRAME 


38 x 140 mm STUDS AT 600 mm 0.C. MAX. 
WALL SHEATHING (INSULATED IF REQUIRED) 


38 x 89 mm RAIL 
38 x 89 mm FRAMED RAFTERS AND CEILING JOISTS 
OVER ENTRANCE VESTIBULE 


GYPSUM BOARD INTERIOR FINISH 

VAPOUR BARRIER 

INSULATION 

38 x 140 mm SOLE PLATE 

WALL SHEATHING (INSULATED IF REQUIRED) 
BUILDING PAPER 

VERTICAL WOOD OR ALUMINUM SIDING EXTERIOR FINISH 
HEADER 

3— 38 x 235 mm BEAM 

INSULATION TO FULL DEPTH OF JOIST IN OVERHANG 
PLY SOFFIT — INVERTED 


‘STUCCO FINISH 


GYPSUM BOARD INTERIOR FINISH 
VAPOUR BARRIER 


ENTRANCE DOOR 


ANCHOR BOLTS AT 2400 mm 0.C. MAX. 

38 x 140 mm SILL PLATE 

600 x 760 mm PRECAST PATIO SLABS ON 50 mm SAND 
DAMPPROOFING TO GRADE 

RIGID INSULATION IN TOP SECTION ONLY 

38 x 38 mm STRAPPING 

200 mm POURED CONCRETE FOUNDATION WALL 
10 m REINFORCING BARS TOP AND BOTTOM 

200 x 400mm MIN. CONCRETE FOOTING 
CRUSHED STONE 

WEEPING TILE 
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FRONT ELEVATION 
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